北海道下川地域の中期中新世、鉱化植物化石 by 松本, みどり & MATSUMOTO, Midori
Middle Miocene Permineralized Plants 
from Shimokawa， Hokkaido， J apan 
July， 2000 
Midori MATSUMOTO 
千葉大学学位申請論文
Middle Miocene Permineralized Plants 
from Shimokawa， Hokkaido， Japan 
2000年 7月
松本 みどり
J可
CONTENTS 
ABSTRA CT ----一一一一一一一一 一一一一一一一一一一一一一一一ー一一一一一一一一一一一一一一一ーー lー
Chapter I INTRODUCTION一一一一ー 一一一一一一一一一一一一一一一一一一一一一一一一一一一 3
Chapter 1 GEOLOGICAL SETTING一一一一一一一一一一 一一一一一一一一一一一一一一一一一6
Introduction -一一一一一一一一一一一一一一一一一一 一ー一一一一一一一 一ー一一一一一一一--6 
Stratigraphy of the Shimokawa Group --一一一 一一一一一一一ー 一------一一一一一一 7
Mosanru Formation 
Sanru Lava 
Age of th巴MosamuFormation 
Discussion 一一一一一一一一一一一一一一一一一一一一一一一一 ------一一一一一一一一一一 一19
Summary --------一一一一一一一一一一一一一一一一一一ーーー 一一一一一一一一一一一一一ー -25 
Chapter III FOSSIL FLORA--一一一一一一一一一一一一一一一一ー 一一一一一一一一一一一一一一一 27
Introduction -一一一一一一一一一一ー 一一一一一一一一一一一一ー 一一一一一一一 27
Occurrence of fossil plants一一一一一一一一一一一一一』目 一一一一一一一一一一一一一ー -----28
Fossil flora --ー一一一一一一一一一一一一一一一一一一一一 一一一一一一一一一一一一一一 -ー--34 
Vegetation --ー一一一一一一一一一一一一一一一一一 一一一一一一一一一一一ー 一一一一一一一--37
Comparison with other Miocene floras --一一一一ーーー 一一一一一一一一一一一一一一 40
Summary --一ー一一一一 一一一一一一一一一一 一一一一一一一一一一41
Chapter IV TAXONOMIC DESCRIPTIONS一 一一一一一一一一一一一ー 一一一一43
Introduction -一一一一一一 一一ー 一ー一一一一一一一一一一 一一一一一一一一一一ー:--43 
OSl1lunda (OSl1lunda) sp.， rhizome --一一一一一ー 一ー一一一一一一一一一一ー 一ー一一 45
OS11l!lnda (Osl1lundastrum) cinllamomea， rhizol1e -------一一一一一一一一一一ーー --51
Picea nakauchii， leaf --一一一一--------一一一一一ー 一ー一一一一一一一一一 一一一一一一一-54
Picea sp. 1， cone --一一一一一一一一一一一一一一一 一一一一一一一一一一. 一一一一一一一一--57
Picea sp. 2， cone --一一一一一』ー 一一一一ー 一一一一一一一一一一一ー 一一一一一一一一--62
Picea sp. 3， cone --一一一一一 一 一一一 一一一一一一一一一一一ー 一一一一一一一一--66
S長
宅戸
Picea sp. 4， leaf --一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一69
Picea sp. 5， leaf ----------一一一ーー 一 一一--------一一一------------一一一一一一一一一一一一一一72
Picea sp. 6， wood --一一一一一一一一一一一一一一一一一一一一ー ー 一ー一一一一74
Tsuga shimokawaensis， leaf--一一一一一一一一一一一一一一一一一一一一一一一〕ー 一一一 7ー7
Gか'ptostrobusrubenosawensis， leaf， cone， pollen cone， and shoot -一ー 79 
Taxodioxylon sp. (cf. Glyptostrobus )， twigs 一一一一一一一一一一一一一一一一一一 81 
Taxodioxylon (Glyptos troboxy lo n) c unninghamoides， w 0 od ---------"-------------8 2 
Alnus (Alnus) sp.， infructescenece， fruits and twig --一一ーー ー -84 
Ostrya sp.， wood --一ー ー 一一一一一一一一一一一一一一一一一一一一一一一一一一一一一--90
Fagus sp.， wood --一一一一一一一一一一一一一ー ーー 』一一一一一一一一一一一一一一一一一一一93
Decodon mosanruensis， seed --一一一一一一一一ー ー 一一一一一一一ー 一一----96
Unidentified taxa一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一-97
Chapter V PHYLOGENETIC CONSIDERATlONS of SELECTED TAXA一一一一一109
Introduction --一一一ー 一一一一ー ーー ーー 一一一一ー 一一一一一一一一一一一一一一一一一ー ー 109 
Osmunda --一一一一--------一一一一一一一-------一一一一一一ー一一一一一一一一一一一一一一一一一一一一110
Picea ------------一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一119
Tsugα一一一一一一一一一一一一一一ー一一一一一一一一一一一一一一一一一一一ー ーー一一一一一一一一一一一一一125
Alnlls -一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一ー一一一一一一一一一一一130
Decodoll一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一一133
Evolutional and phytogeographical implications一一一一一一一一一一一一一一一一一一一ー 135
Summary一一一一一一ー ー ---143 
Chapter VI CONCLUSION ---- 一一一--------------一一一------一一一一一一一一一一一一一ー 146
Acknowledgements一一一一一一一一一一一一一一ー ーー ー 一一一 149
References -一ー 一ー一一一一一一一一一一 ー 一一一一ー ー151
ABSTRACT 
The lat巴MiddleMiocen巴MosamuFormatio日ofthe 5himokawa Group in north-c巴日tral
Hokkaido， Japan， contains welトpres巴rv巴dsilicifi巴dplant remains showing fine c巴llularand 
histological structure. This paper elucidat巴sthe morphological anatomy of silicifi巴dplants found in 
th巴MosanruFOllnation and provid巴sthe data for phylogenetic reconstruction of some select巴dtaxa. 
Fllrthermore， geology， flora and v巴getationof the Mosanru Formatio日hasb巴enIlV巴stigatedfor 
paleo巴日vironmentalcont巴xt
The Mosanru FUlmatio日， which is composed of volcanic and sedimentary rocks with intercalated 
silicified and lignit巴lay巴rs，uncOnfOlmably cov巴rsthe pre-Teltiary basem巴ntrocks and is overlain 
confonnably by 5anru Lava. Based on lithologic and sedim巴日taryfeatures， this Formation was 
d巴posit巴din a lacustrine condition and is divid巴dinto lower and upp巴rparts. The lower part is 
divided into four sub-divisions (including two m巴mbers):basal conglomerates， Ichinohashi tuff， 
conglomerates around th巴Kos巴i-bashi，and Mosanm-bashi tuff. The Mosanru Fonnation is 
Int，巴rpretedto repr巴sentsome environments of d巴pOSltlO日:terrestrial s巴diments，fluvial channel， flood 
plain， and lacllstrine sedim巴nts.
The upp巴rpart has fining upward s巴qu巴日C巴sthat t巴lnllat巴withseven silicifi巴db巴ds(5ト57).
N巴arlyin situ well-pres巴rvedplant parts ar巴mostlyobtain巴dfrom the 53 b巴d.This b巴dinclude 
slightly divers巴assemblage(semi-aquatic plants， taxodiac巴ousconifers， and grass taxa). In th巴
lower part， th巴grav巴1around the Kosei-bashi also has fining upward sequ巴日C巴andincludes Ul situ 
fossil forests (r巴mainsof riparian tr巴巴s)
Th巴floraof th巴Mosanrl1Formation inc]l1d巴ssix famili巴s，IlIne g巴nera，and sevent巴巴nforms are 
d巴scrib巴dby now. Th巴日oralcomposition， floral f，巴atl1resand v巴getatlonare repres巴ntedby on巴
f巴rn，four conifers， four dicotyl巴donousg巴日巴ra，and unid巴ntifi巴dtaxa. They are compos巴dmainly 
of conif，巴J'OI1Sand broad-Ieav巴del巴mentsthat includ巴withtwo now-巴xtincttaxa. Most of th巴taxa
probably grew in a swampy warm-t巴mperat巴巴nVlronm巴nt
Th巴S3b巴dcontains th巴ferng巴nus;Osmunda， th巴conif，巴rg巴日巴ra;AbieムPicea，Tsuga and 
Glyptostrobus， and th巴angiospermg巴日巴ra;Decoc/on and Alnus. Th巴qualityof pres巴rvationin th巴
S3 b巴dis巴Xql1lSlt巴， and s巴veralremains allow precis巴studyof taxonomy. Availabl巴anatomical
charact巴rsof both fossil and巴xtantsp唱CI巴sw巴r巴 cònduc~巴dto most significant data for phylog巴日巴tic
relationship. The detail巴ddata on anatomical strl1cture of both v巴g巴tativeand reproductiv巴organs
provides th巴datafor phylog巴ny.Even when the reproductiv巴structureof abov巴J1l巴ntionedtaxa is 
unknown， the phylog巴n巴ticresults can be gained from th巴Irvegetatlve structures 
The floral constituents of fossil forests are repres巴nt巴dby two taxa， Taxodioxylon and Ostryα. 
Conglomeratic lay巴rscontain three taxa，Taxodioλylon， Picea， and Fugus 
In pmticular， conifer leav巴sand fi巴Jl1rhizom巴sare a good tool for studying taxonomic and 
phylog巴neticr巴lationships.It is巴videntof species-by-sp巴ciesphylogeny for the g巴日巴ra，and more 
complete knowledge of the relationships of th巴speciescan b巴b巴tershown than previous results. 
Since Osmunda， Tsuga and Decodon wer巴oncewidely distributed and poss巴ssev巴ral
charact巴risticfeatures， their phylog巴nyare better und巴rstoodthan thos巴ofAlnu.l' and Picea. which 
hav巴alittl巴 charac~巴rvanatlon. 
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Chapter 1 
INTRODUCTION 
PermineraJization is one of th巴commontypes of pres巴rvationin fossiJ pJants， Jike petrified 
woods and other remains infiJtrated with mineral agents (Stewart and Rothwell， 1993; Taylor and 
TayJor， 1993). Th巴s巴mineraJagents are commonJy siJica or caJcium-carbonat巴mm巴raJs，and Jess 
frequ巴ntJypyrite， Jimonit巴orphosphates (Schopf， 1.975). Such penni日巴raJizedplant 1巴lnamsare 
very us巴fulin studies on taxonomic and phyJogenetic reconstruction， becaus巴th巴yposs巴S5thI巴e-
dimensionaJ， fine ceJJuJar detaiJs， and therefore afford much morphoJogicaJ information including 
phylogenetically important characters. Esp巴cially，silicificatio日bysilica minerals such as 
microcrystaJJine quartz， cristobaJite， chaJc巴dony，and others oft巴nprovid巴swell-preserved pJant 
remains of n巴arJyautochthonous origin. 
As for the siJicified pJants， th巴日orasof th巴DevonianRhynie 'ch巴rt'(Kidson and Lang， J 9 J 7，
1921; ChaJoner and Lawson， 1985) and Tertiary Princeton 'chert' (Shaw， 1952; Basinger， J 981， 
and oth巴rs)are well-known exampJes of the type of pres巴rvation，anatomical data， and pliylogenetic 
reconstruction. Thes巴previousworks describe severaJ taxa that are limited in some groups and 
have improved our knowJedge of the taxonomy， phyJog巴ny，and diversification. There are several 
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reports of the f10ral composition (Pigg and Stock巴y，1996)， preservation (Schopf， 1971)， and mod巴
of occurrence (Basinger， 1981; Stock巴yet al.， 1997) bas巴don silicified plant parts. Som巴ofthese 
subjects are discuss巴din this work. Furth巴rmore，SIl1C巴thereare a few works on Miocene silicifi巴d
plants except for p巴trifiedwoods (Crabtree， 1983). Due to clos巴relationshipsbetween Miocene and 
relat巴dextant species， litle attention has been paid to巴lucidatefin巴stmctl1l巴ofp巴n丁目n巴ralizedplants 
in this age. 
Mioc巴n巴perlllineralizedplant remains embedded in 'ch巴rt'lay巴rshave been known to occur in 
the Shimokawa region of north-central Hokkaido. Mr. 1. Nakauchi was th巴firstperson to notic巴
Riv巴1'， the Sanru River and its tributaries. Th巴irsource rocks w巴reconfII'med by Dr. H. Nishida and 
colleagues during 1987-90. 1 subsequ巴ntlystudy these silicifi巴dplant remains together with th巴
geology of th巴planトb巴aringlay巴rsand som巴ofth巴resultsof anatomical studi巴shav巴b巴巴n
published (Matsumoto， etal.， 1994， 1995; Matsumoto et al.， 1997a; Matsumoto et al.， 1997b). 
Th巴purpos巴ofthis paper is to describ巴Mioc巴neplants from the silicifi巴dbeds in the Mosanru 
Forlllation， Shimokawa region bas巴don d巴tail巴danatolllical studies， f10ra and veg巴tatJon
M巴gafossilplants froll th巴silicifi巴db巴dsare described taxonomically and some additional plants， 
mostly silicifi巴dwoods， and oth巴rplants from b巴dsother than the silicified beds aJ巴d巴scrib巴d.
Since theJ巴an巴af，巴wpublish巴dworks on th巴geologyand stratigraphy of th巴Shimokawaregion， an 
account of the stratigraphy of th巴plant-bearingMosanru Formatio日JSgJV巴n.Th巴fossilflora， 
V巴getationand 11l0d巴ofoccurr巴nced巴11l0nstrateunique， hith巴rto-unknownaspects of the Miocen巴
flom in Japan; To bett巴runderstand the affinities of sev巴I叫 taxa，1 utilized charact巴risticfeatuJ官sof 
fossil and extant sp巴CJ巴Sto r巴constructth巴phylog巴ny. Furthermor巴， phylog巴n巴ticanalyses are 
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made on some sel巴ctedtaxa to consider th巴phylogenyof a particlllar grollp and its evollltionary and 
phytog巴ographicimplications. 
1n preViOllS paleobotanicalliteratlll久 th巴nam巴'chelt'has be巴nllsed widely to d巴scrib巴ahard， 
extremely dense， compact， cryptocrystalline sedimentary rock composed of various silica minerals 
(Kidson and Lang， 1917; St巴wart，1983). However， sinc巴cherthas a much wider usag巴atpres巴nt
forth巴rocksof biogenic origin lik巴radiolarianchert in the de巴ps巴a(Carr and Fyf，巴 1985)， th巴term
'silicified rock'， isused in this paper for 'cher・t・
5 
Chapter 1 
GEOLOGICAL SETTING 
Introduction 
??
?
??
?
1n th巴ShimokawaI巴gion，north-c巴ntralHoklくaido，N巴og巴n巴T巴ltiaryfonnations are widely 
distribut巴d.Th巴5巴formationsthat ar巴compos巴dof various kinds of clastic and volcanic rocks， 
unconformably cov巴rsth巴pl巴ーT巴rtiaryrocks (Hidaka Group) and ar巴unconfonnablyov巴rlainby 
younger volcanics and Quaternary s巴dim巴nts
Th巴E巴ologyin th巴ShimokawaI巴gionwas first publish巴dby Sako and Osanai (1955) and 
subs巴qu巴ntlyby Sako et al. (1960) particularly in th巴Sanrur巴gion(north of th巴Shimokawar巴gion)
and Suzuki and Matsui (1975). Th巴Ydivid巴dth巴N巴og巴日巴formationinto s巴V巴ralstratigraphic units 
of th巴Mioc巴n巴andth巴Plioc巴ne.Th巴ShimokawaGroup was nam巴dby Sako and Osanai (1955) fOI 
How巴V巴r，th巴I巴areSOITI巴probl巴IllSin the th巴upp巴ror thピPlioc巴日巴'partof th巴N巴og巴n巴.
subdivisions and their corr巴lation，due larg巴Iyto th巴lateraland 1巴gionallithologic chang巴，
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complicated relations to the volcanics， and the lack of fossil evid巴nceexcept for plants. 
Stilllater， radiometric ages were obtained for the volcanic rocks in the Shimokawa and adjacent 
regions (Koshilllizll and Kim， 1986， 1987; Watanabe and Yamagllchi， 1988; Watanabe el al.， 1991， 
Taking these evidence and other geological works into considerations， Sugawara et al.， 1992). 
Yamagllchi and Watanabe (1990) and Oka (1994) compiled the geology in the Nayoro region， 
including the Shimokawa region. 
Fossil plants from the Shimokawa region was first noted by Salくoand Osanai (1955) mostly froll 
the Mosanrll Forlllation of the Shimokawa Group. Although they and later allthors noted the 
occurrences of fossil leaves and silicified woods from the Mosanru 01' yOllnger fonnations， no 
paleobotanical work has been niade except for a brief note by Yajima (1932)， N. Suzuki (1967)， H. 
Nishida (1990)， and anatomical studies of the present author (Matsumoto el al.， 1994， and others) 
As the geology and stratigraphy in this region are stil insufficiently known， 1 describe the brief 
outline of the stratigraphy of the Shimokawa Group， especial1y inthe centl百1area whelちstructural-
preserved plant-bearing silicified layers crop out， and the eastern area where fossil forests exist 
Furthermore， depositional environments are considered on the basis of lithological and 
Moreover， for silicified beds， some petrological features， mode of fossil 
Group 
preservation and the depositional environments are described in this chapter. 
Stratigraphy of the Shimokawa 
sedimentological features. 
The ShimokawιGroup， with extending 30 km in the N-S direction， and 20 km in the E-W 
direction， consists of various kinds of volcanic， volcaniclastic and clastic rocks (Sako and Osanai， 
1n the north-eastern part of the Shimokawa region， this Group 
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1955; Sako et al.， 1960; Figs. 1-3). 
ーuncomformably ov巴rli巴sthe pre-Tertiary Group， and is divid巴dinto n巴wlydefin巴dtwo formations， 
the low巴ras th巴MosanruFonnation (about 250-300 m in thickn巴55)，and the upper as the Sanru 
Lava (about 200-300 m in thickness) CFig. 2). SOIl巴previousworks treated as the Sanru Lava Iying 
low巴rthan the Mosanru Fonnation (Sako et al.， 1960; Suzuki and Matsui， 1975) The Group is 
unconfonnably covered by younger volcanics and Quaternary sediments (Suzuki and Matsui， 1975). 
As for the uppennost part of the Shimokawa Group， itdoes not confirmed in this studied aI巴as
For convenience in the following d巴scription，the Shimokawa r巴g10日is further divided into， 
ロlstern(east to出eMosanru River)， c巴ntral(from west of the Mosanru Riv巴rto th巴Nendo-zawa)
and western (around the Sanru River) areas， showing routes of stratigraphic columns (Fig. 4). 
Mosanru Formation 
The Mosanru FOlmatio日IS W巴1exposed along the Nayoro River from the central to the巴astern
areas (Figs. 4-6). For the lithological featur巴s，the Mosanru Fonnatio日isdivided into the lowe1 
(about 200 m thick) and upper (about 50-100 m thick) part. The lower part is dominat巴dby 
pyroclastic rocks， and coarse sedimentary rocks including marked conglomerate beds in the eastern 
area， whereas the upper part is characterized by fine s巴dilllentaryrocks， often interb巴ddeda silicified 
layer at the top of each cyclic sequence in the central ar官a As shown in figures 6 and 7， the 
Mosanru Formation (with Hidaka Group and Sanru Lava) represents monoclinic， moderately west 
dipping stmcture in the eastern part and nearly horizontal or gently undulated in the central part 
The Mosanru Formation is geometrically different to those of the pre-T巴rtiaryrocks that are st巴eply
dipping to the west The axial parts of one synclin巴andthree anticlines， showing by striking at N 
30 E-N20W， dipping 10E-IOW， and no unconformities within the Mosanru Forlllation have been 
found. AII of the sedimentary rocks dip (about 6 degrees) moderately to north. The depositional 
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割center of the Mosanru Formation is suggested n巴arthe N巴ndo-zawawhel巴theplace of thick 
concentrated of the conglomerates (refer to the Ninohashi Formation in Sako and Osanai， 1955). 
AlI of g巴ologiccolumns of the Mosanru F0!11latio日(cqluInnsI-VIII)aIeshown in figllIesB-l0. 
The ati tudes of th巴MosanruForl1lation roughly show N-S striking， and dipping at 5 to 10 0 W 
in the central and th巴east巴rnareas frol1l Kosei-ba5hi to th巴Rube-no-sawaalong the Nayoro Riv巴I
(Fig. 1). Mappable dOl1linant faults do not run in the region. 
Th巴mostcrestal horizon is id巴ntifiedas the Sanru Lava which wid巴lycov巴rsth巴Mosanru
Formation. 
Lower Part 
The low巴rpart IS w巴1expos巴din the巴asternar巴aalong th巴NayoroRiver b巴tw巴巴n600 m west of 
Kos巴i-bashiand Mosanru-bashi. It is divid巴dinto four lithologic sub-divisions: basal 
conglom巴rates，Ichinohashi tuff， conglomerates around the Kosei-bashi， and Mosanru-bashi tuff 
(Fig. 8). 
Bω'a 1 cone lmne引'ates
Th巴basalconglol1lerat巴sthat unconformably cov巴rth巴HidakaGroup (Fig. 12A) are expos巴dat 
th巴riverbed600 !1l west of Kos巴i-bashiof th巴NayoroRiver. Total thickn巴5is 10m (loc. 970729-
2) 
At th巴outcrop，they are totally massive and poorly目sort巴d.Gravels are granule to p巴bbl巴1Ilslze 
and angular or sub-angular i日shap巴， consisting 11l0stly of slates deriv巴dfrom the underlying Hidaka 
Group. Matrix is l1lade up tuffaceous mudston巴containingabundant charcoal wood chips and 
repl邸巴日ts日osedim巴ntarystructur巴(Fig.12B). The basal conglol1l巴rat出 ov巴rlieth巴pumicetuff of 
th巴lchinohashituff 
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Ichinohashi wt'[ (new nal1le) 
Th巴Ichinohashituff l1lel1lb巴rIS W巴1exposed in the riverb巴d600-200 1 west of Kosei-bashi of 
the Nayoro River， with the thickness of 60111 (Ioc. 970729-3-13; Figs. 12C， 0). Type-Iocality is 
th巴riverbedof the Nayoro Riv巴r，west of Kosei-bashi， Ichino-hashi， Shil1lokawa， Hokkaido. It 
consists l1lainly of pyroclastic deposits and is divid巴dinto three parts: pUl1lice tuff， weld巴dtuff， and 
unconsolidated l1lassive tuff in an ascending order. 
Th巴lowerpmt of pu 1 ice tuff is charact巴nz巴dby yellowish spindle-shap巴d，not sorted， l1lediul1l 
sized， angular pUlllice gradually changing their color as bluish-gray and slightly finer. Th巴y
probably represents flow and fal deposits. Th巴low巴rto middle parts of welded tuff with 
apprOXl1lat巴Iy20 1 thick contains distinctiv巴blackishbrown obsidian patches and glassy prol1lpt 
日owlayers. The rock is abmpt changing， having no grading structllre， and retognizable as fal 
deposits. Th巴middl巴toupper parts of pumic巴tuffis characteriz巴dby llnconsolidated tllffaceous 
deposits with slightly sorted structure which is possibly deposit巴din water. These horizons abruptly 
changed fr011 th巴lowerhorizon of andesitic lava. Charcoal wood fragl1l巴ntsare cOl1llllonly 
contained in thes巴pll1licetuff Three horizons ar巴recogniz巴din this part as representing various 
sized (up to 5 cm) and angular to sub-angular shap巴dpUl1lice grains. The upperl1lost layer differs 
fr011 middle pmt of pUl1lice tuff， incontaining various sized and colored lithic deposits and 
possessing large siz巴dof charcoal wood remains. This uppermost part is gradually changing to the 
conglol1leratic horizons 
f~()Ju!l()merates 
The gravel were exposed in th巴riverbedof the Nayoro River， between 100 m west of Mosanrllー
bashi and 200 1 east of Kosei-bashi， with 90 m thick (Iocs. 970729-14-23， 970829-0-2， 970730-
3-1-4). The thick gravel is divided into two lithological featur官日;alternating b巴d日ofmassive 
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conglol11巴rateswhich w巴rederiv巴dfrom th巴pre-T<巴rtiaryGroup and tuffaceous l11uddy sandstone 
(Fig. 13). Five times cyclic seguenc巴sare well-defin巴dand recognizabl巴inth巴nv巴rb巴dof the 
Nayoro River目 1nthe upp巴rpart of the 3rd and 4th cycles， fossil forests w巴refOllnd. These cyclic 
d巴positsrange from several to ten mor芭l11etersin thickn巴お日;1 stcycle， pebble sized gravel with 
charcoal woods; 2nd cycle， pebble-granllle conglomerates with chipped charcoal woods，自ndmuddy 
sandston巴withparallellaminated and partially cross-bedded structures and leafy bed. The laminated 
beds show mainly normal graded bedding with 10-30 cm in thickness and rarely rev巴rselyone 
(Figs. 14A， B); 31・d'cycle， cobble sized gravel with transported logs* (Iog* l11eanぉtransportedboth 
silicified and charcoal woods， but not used for standing fossil tre巴)， pUl11ice rich l11uddy sandstone 
representing partially parall巴1and cross laminated layers (Fig. 16B) with 14巴rectedtrees at th巴loc.
AI (Figs. 14C， D， 15， 16C); 4th cycle， boulder-cobble sized grav巴1with drifted logs at the loc. A1 
(Figs. 16A， 17 A， 18A， B)， and fine muddy sandston巴with10 standing trees at the loc. AII (Fig. 
17 A). Angular relationships of the exalllined 6 woods between pole and axis are almost parallel， 
and their trend and 同ungeare measured by N60-80o E and 64-76 0 E (Fig. 17). At the top of thiお
cycle， crevasse splay systems are found. They include both transferred plant mateIial brought froll 
the fllvial system and in situ one derived from growing plants on the site (Figι18C， D). ; 5th 
cycle， cobble sized gravel and coarse sandstone with logs (Figs. 17 A， 18C). Large (mOl巴than20 
Cll in dial11eter) Iying logs within a cYcle are considered as one good criterion to assist in the 
directions of paleo-current. The mode of occurrence of the fossil forests will be discllssed in next 
chapter 
Mosa/1.ru-hashi加庁 (new na日日直)
The Mosanru-bashi tlf is well exposed in the riverbed of the Nayoro River arollnd Mosanrll-
bashi and Kyowa-bashi and along the Mosanru River near Kocho-bashi (Iocs. 970730δ-10) (Figs. 
1 1 
8， 11). Type-locality is the riverbed and river side of the Nayoro River from the east of the Mosanru 
bashi to the Kocho-bashi， Shimokawa， Hokkaido. The thickness of the Mosanru-bashi tuff shows a 
tendency of lateral changes in the Nayoro River. There is no evide日ceof primary ash fa1 sedime日U
during the deposition. 
Whole seguence (three horizons ) of the Mosanru-bashi tuff is ob呂田町dmore than 30 m thick 
山 oundMosanru-bashi， and 20 m thick near Kyowa-bashi into two (except for lapili tuff horizon) 
It is not difficult to discrimimite these two to three horizons 
The lowermost liorizon is accompa日yingwith ash flow deposits with accretionary lapili which is 
1巴presentedas 2ぺomm in diameter (Fig. 19A). This horizon has been identified by pyroclastic 
flow deposits in water， because of exhibiting by fairy sorting and agitating sedimentary structures. 
The middle horizon is composed of coarse sediments containing with large angular pumice grains， 2-
10 cm in diameter and many charcoal wood remains (Fig. 19B， C). The upper horizon is 
charactehstic as alternations with tuffaceous mudstone with rounded fine pumice and scoria grain 
(the grain size: 0.5-4.0 mm indiameter) (Figs. 20B， C). Their features are representing as massive 
and p山川lellaminatedand pmtia11y cross laminated structure (Fig. 20). A set of cross-lamination 
have a maximum thickness less than 30 cm. The axis of the sma11 scaled cross-bedcling is measured 
by N 200 W to 100 E strike and 6 0 N clip. 
Upper Part 
The upper part is we11 exposed in the central area， along the Rube-no-sawa (ぉocalled as the Pon-
mosanru River)， the Nenclo-zawa， the Mosanru River， and near Hayakawa-bashi in the Nayoro 
River with 50-100 m thick (locs. 970730-10，970731，970603-1-6) (Figs. 21-23). The sequence 
is well exposed in Routes 1-VII but not we11 exposed in the Sanru Minami-2 sawa* (*: AuthOl 
named it as a matter of convenience)， east of the Sanru River in Route VIII (Fig. 24). 
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This part corisists of various s巴dim巴ntaryrocks (conglo日lerat巴s，sandston巴， mudston巴， lignit巴，
and siltston巴)having sev巴nfining upward cycles. Thes巴sedim巴ntaryrocks are including many plant 
remains， such as silicifi巴dplant parts， transport巴dlogs， charcoal plant particles， compressed mega 
plants， lignitic woods， and palynOlnorphs 
Th巴low巴sthorizon of th巴firstcycl巴consistsof conglom巴rat巴s(containing cobbl巴toboulder 
SIZ巴dgravel) which a児巴quival巴ntto Ninohashi Formation (Sako and Osanai， 1955; Suzllki and 
Matsui， 1975)ーItis wid巴Iy巴xposedin th巴nv巴rb巴dof the Nayoro Riv巴r，the Mosanru Riv巴r，and 
th巴N巴ndo-zawa(Figs. 26-28A， B). Th巴compositionsof conglom巴ratesare repl巴5巴ntedby 
grollping rock typ巴sinto sandston巴， weld巴dtlf， volcanic rocks and silicified wood remains. Th巴
pre-T巴rtwryS巴dim巴ntaryrocks accollnt for 1/3 -112 of the gravels， where as others are mainly 
repl巴5巴nt巴dby N巴og巴日巴volcanicand s巴dim巴ntaryrocks目 Th巴conglom巴ratesaJ巴common1 Y friable 
and som巴tln巴sslightly silicifi巴d.Th巴5巴5巴dim巴ntsare varying their thickness and grain siz巴smTIong 
5巴verallocalities(Fig. 29); cobble-boulder gravel without fines and sub-anglllar shap巴withsmall 
amollnt of l1atrix， near Kyowa-bashi with 80 m in thickness; solely of pebble-cobble gravel withollt 
fin巴sand sllb-angular to sub-round巴don巴， n巴arN巴ndo-zawa;sandy matrix exhibiting partially 
lamination and having sllb-round巴dgranllle to p巴bblegravel in th巴nv巴rb巴dsof th巴MosanrllRiv巴I
and of th巴NayoroRiver (日巴arHayakawa-bashi) with 10m in thickn巴s
Repl巴日巴ntatlv巴eightsilicifi巴dlayers ar巴namedas; 1 stcycl巴 S 1;2nd cycle-S2; 3rd cyc1巴S3;4th 
cycl巴-S4;5th cycl巴-S5;6th cycl巴-S6;7th cycle-S7; 8th cycl巴nofinding th巴S8bed (Fig. 25). 
Th巴selatn巴sar巴COI'l巴spondingto th巴followingones in my previous workにSI=SOO， S2=SOI， 
Th巴silicifi巴db巴dsS3 = S 1， S4 = AI， S5 = S2， S6 = A2， S7 = S3 (Matsumoto etα1.， 1997a， b). 
ar巴rangingfrom 30-200 cm-thick and th巴irmainlocaliti巴Sare fol1owing; at and around ltoge-no 
taki in Rub巴ーno-sawa(1oc. C)， th巴cliffsof th巴Robe-no-sawa(1oc. D)， th巴N巴ndo-zawa(1oc. E)， th巴
Other than thes巴
localities， abundant of isolat巴dmaterials w巴recoll巴ct巴dat Kami-Nayoro from th巴riverb巴dofth巴
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eastel1 sid巴ofthe Sanrll Riv巴r(1oc. F)， th巴MosanruRiv巴r(near th巴loc.BlI). 
Nayoro Riv巴r(Ioc. G)， and at th巴north-easternpart of the Rube-no-sawa (Ioc. H). 
Th巴5巴b巴drocks lack fisil巴partingbut have mostly subconcoidal feature and rar巴Iyparall巴l
laminat巴dstructl1l巴 AIl of th巴7b巴dsar巴notfriabl巴， blackish to brownish in color， containing both 
inorganic and organic ma~巴rialswhich are composed of both lllaCrO and micro-plant relllains. Th巴
P巴trologicalfeatul巴sare fairly similar to巴achoth巴r，but the charact巴risticfeatul巴Sof fossil 
pl巴日巴rvationar巴differ巴nt.1n v巴rtical，pl巴servationand organic composition in巴achb巴dare
chang巴d(details s巴巴ton巴x.tchapt巴r)
盟副主丘主必旦
Asd巴scrib巴d巴arli巴r，S巴vensilicifi巴db巴ds(S I-S7) concluding with well-pres巴rv巴dand 
compl巴s巴dplant organs， are r巴cogmz巴din th巴upp巴rpart (Figs. 28， 29) Th巴yoccupy th巴top11 
巴achfining-upward s巴quenc巴andrun roughly parall巴1to th巴b巴dding. 1n th巴followinglines， 
d巴scriptionsof th巴5巴silicifi巴dlayers are giv巴n，including r巴lationto th巴underlyingb巴ds，petrological 
and min巴ralogicalf，巴atUl官s，and mod巴ofpres巴rvation(Figs. 30-39). 
Totally，日1silicifi巴dlay巴rs，the grain size v巴rticallygrad巴sfroll coarse to fin巴 R巴ductionof 
porosity froll th巴low巴rto th巴upp巴ris also grading in巴achsilicifi巴db巴d Th巴upperpart of巴ach
b巴dcontains richer organic llat巴lialsand th巴low巴1・parthas rich巴rinorganic on巴日.Th巴bOttOlllof 
巴achsilicifi巴db巴dis r巴pr巴sentingwavy and roughly chapp巴dStl1.lCtur.巴.On th巴oth巴rhand， most of 
th巴uppersurfac巴ofthe beds is smooth and frequ巴ntlycontaining cOlllpressed plant remains. 
Furth巴nnore，upp巴rmostpart of巴achsilicifi巴dlay巴rSOI百巴tl11巴sshows laminat巴dstructure 
S1. This low巴rmostb巴d(approx.imat巴Iy30-40 cm thick) is expos巴din th巴riverb巴dsalong th巴
Nayoro River at th巴W巴stof Hayakawa-bashi (Ioc. 961031-3; Fig. 21) and th巴nv巴rside of th巴
Mosanru Riv巴r(Ioc. 970830-6; Figs. 22， 30A， B， 31A， B). This b巴dis varying th巴irfeatur巴sas 
II出おiveand hard rocks n巴arHayakawa-bashi of th巴NayoroRiv巴rand blocks of silicifi巴drocks (ca. 
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20 c1l3) within coarse sandstone including many pUlllice grains in the Mosanru Riv巴r(Fig. 31 B). 
The surface of this bed is showing smooth (west to Hayakawa-ba5hi) or rugg巴d(n巴日rHayakawa-
bashi and along th巴MosanruRiver) features. Two thin lignite 5巴amswith 15-20 cm in each 
thickn巴snear Hayakawa-bashi， with 5-15 cm in巴achthickn巴S5in th巴MosanruRiver， underlies the 
S 1 bed (Fig. 35D). 
Silica min巴rals，mainly of chalcedony associating with guartz， filled the large IUlllen in the rocks 
Microscopically， many rounded charcoal particles and cOlllpressed plant fragll巴n印刷econtained i日
this layer (Figs. 31D， E). 
S2. Th巴secondb巴d(30 cm thick) is巴xposedin a limited locality in the riv巴rbedof th巴Rubeー
no-sawa (Ioc. 970603-2; Fig. 21). On巴thin(20-25 cm thick) lignite sealll underlies th巴S2bed 
Scoria-rich sandston巴horizonjust below th巴ligniticlay巴routcrops at the loc. BII on th巴cliffof th巴e
Mosanl'U Riv巴rand at the loc. BIII on the cliff of th巴Rube-no-sawa(Fig. 32)ーItcontains abundant 
。f5ilicifi巴dlogs which w巴reslightly d巴fonned，abraded and shorter (Fig. 32C) As the longitudinal 
length of th巴logsis ranging from 10 to 25 cm-Iong， their exguisit巴orientationscan not be II巴asured
Silica minerals， mainly of chalcedony associating with guartz， filled the lumen of the plant and 
sandstone particles. Microscopically， parallellaminated compressed plant fraglll巴ntswith no 
anatomical details are contained in this bed (Figs. 32D， E). 
S3. The third bed (80-to-120 cm thick) is well exposed at the loc日 C-Ein the riverbeds of the 
Rube-no-sawa and N巴ndo-zawa(Iocs. 970603-1， -3， -4， 970802-1， 970605-5; Figs. 21， 23， 30C， 
33). This layer slightly changes th巴irthickness; thinner (80 Cll) at the Itoge-no-taki and thicker 
(120 cm) at the Nendo-zawa (Fig. 34). Although the stratigraphic seguence of the S3 bed rocks at 
the locs. F (Fig. 27C)， G， H is uncertain， they possibly cam巴fromthe S3 bed， taking with th巴same
texture and allllost egual thickness， and containing of welトpreservedplant parts (Figs. 35B). Th巴
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S3 b巴drocks partially shows weakly parall巴llaminateds巴dim巴ntarystructm巴(巴sp巴ciallyin th巴
topmost part) and high porosity巴speciallyin th巴basaland middl巴partsof the S3 bed (Fig5. 29A， 
B). Notic巴ably，in th巴basalpart， abundant of small woods and twigs ar巴gatheredtog巴th巴rwith no 
dil巴ctionin coarse grained matrix (Fig. 30C). They are roughly bonded巴achoth巴rb巴caus巴of
日llperfectionof silicification. 
On巴ortwo distinctive thick lignite layer(s) (30-60 cm i日thにkn巴55)are lying under the S3 bed， 
showing parallel accumulated 'mat' lik巴featul巴s(Figs. 33B， 35C， D). Fine tuffac巴ousmudstone 
and sandston巴horizonswhich contain compressed leaf， twig and con巴arelying under the lignit巴
b巴ds.
Microscopically， silicaminerals， mainly of chalcedony and qllartz， filled and fr明日巴ntly
surrollnded plant organs (Figs. 36， 37C-E， 38). The chalcedonic veins ar巴composedwith thick (1 
mm inthickness) and thin micro日brousn巴tworks.The fin巴grainedtabular microqllartz (5-20μm) 
fil巴dwith inter cellular and inter tissue spaces. Furthermor巴，open vugs have b巴巴npartially 
OCCUpl巴dby megaqllartz clasts (more than 20μm ) which represent as brilliant and intensely bright 
in color. There is an evidence of the impregnation of the chalcedonic veins inside plant parts. Thiお
probably gives well preservatio日forcelllllar level 
S4. The fourth bed (150-200 cm thick) is巴xposedin the riverbeds of the Rube-no-sawa and the 
Nendo-zawa. The distribution is parall巴1to the S3 bed. This bed rock is v巴ryhard and has no 
(1 itl巴)inter-space in the fin巴siliciousgrains. The grain size (clay fabric)， plant compone口ts(mostly 
palynomorphs) and volul11巴oforganic materials (a litle) are distinguished from thos巴ofthe S3 b巴d
Th巴rockis transluc巴ntand strucur巴lessfeatu印 s，showing no laminated structure and tightly bond巴d-
grains (Figs. 30D， 37 A， B). 
Microscopically， silica minerals， mainly of cha1cedony fil1ed this bed. A few remains of charcoal 
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particles and plant fragm巴ntsand s巴veralmicro fossils are examined in the S4 bed. 
Th巴fifthbed (30-40 cm thick) is Iying on th巴cliffof th巴Rube-no-sawaat the locs. C and 85. 
Th巴characteristicrock features are similar to th巴D (Iocs. 960928-44， 9970603--5， -6; Fig. 21). 
S2 bed. Th巴porosityis high in th巴bottombut low in th巴topof this b巴d.Microscopically， silica 
minerals， mainly of chalcedony associating with guartz， filled the lum巴nof th巴compress巴dplant 
白agm巴ntswhich ar巴I巴presentingas parall巴Ilaminat巴dstructllI巴(Figs.39A， B)ー
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86. The sixth b巴d(50-80 cm thick) is巴xpos巴don the cliff of th巴Rub巴ーno-sawa，at the locs. C 
It is parallelly Iying with th巴S5bed. Th巴charact巴risticf，巴aturesresemble those of the日and D. 
bed which is composed of v巴ry-fi日巴siliciousclay fabric and small amount of plant I巴mains，mostly 
Ilicro fossils. 
Th巴5巴V巴nthbed is巴xpos巴din a limit巴doutcrop of th巴W巴st巴rnc1ifs at th巴loc.D in the 87. 
Rub巴ーno-sawa，having 50-70 cm thick (Ioc. 960928-49). Silicious bed is presenting high porosity 
Sinc巴onethin lignite layer (20 in the basal part， and partially containing non-silicified sandston巴
30 Cll) is Iying above this b巴d，it is suggesting th巴巴ighthcycl巴.However， the S8 b巴dcan not be 
Microscopically， silica found， b巴caus巴th巴SanruLava conformably cov巴rsth巴lignit巴layer
minerals， guartz grains and chalc巴donyfil巴dth巴IUlllenof the compl巴s巴dand distort巴dplant 
I巴mains，in particular at th巴basalpart of this bed (Figs. 39C-E) 
As for th巴S3b巴drocks， prompt silicification， supplying abundant of plant remains by w巴akto 
Iloderate water current (representing as fine t¥) m巴diuminorganic grains， and slightly parall巴l
J 
lalllinat巴dstructur巴， loose packing of th巴siliciousmatrix). Furth巴nnor巴， d巴V巴lopm巴ntof micro and 
Ilacro-crystall i n巴guartzand palisadal chalc巴donicv巴inpossibly aff，巴ct巴dto litl巴daJnag巴forth巴plant
Much supply of tuffac巴ousmat巴rialsfrom the Mosanru-bashi and Ichinohashi tuffs was 
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日tructul巴.
effecti ve for・th巴silicification.
Some distinguished features of organic and inorganic llaterials are found; well-pr巴servedplant 
orga日5with fine sediments in the S3 bed， mostly well-preserv巴dmicro fossils within clay fabric in 
the S4 and S6 beds， and compressed organic lllaterials in fine sediments of the S2， S2， S5 and S7 
beds. 
Sanru Lava 
、
?????
1t is now Sanru Lava is widely distributed in the central and the western areas (Fig. 40). 
evidenced that the Sanru Lava conformably covers the Mosanru Formation and defined 1l10re than 
Rhyolitic lava 200-300 m in thickness. It is composed mainly of rhyolitic lava and its breccia 
contains spherulites representing with 0.1-1.5 cm in diameter (Fig. 400). 
An intrusive rock is exposed between Hayakawa-bashi and the Nendo-zawa within 500 m in 
As its lithological features reselllble the Sanru Lava， it seem日tobe a feeder dike lateral distribution. 
The direction of intrusion is nearly vertical， considering the flowage of the 。fthe Sanru Lava. 
intrusive rocks (Figs. 40A-c) 
Younger volcanics unconfonnably covers the Sanru Lava and Pliocene-Quaternary sediments 
unconforlllably overlie the younger volcanics (Suzuki and Matsui， 1975). 
Formation Mosanru of the Age 
Although we have no explicit age of the plant-bearing beds， the age of the Mosanru Formation is 
well controlled by the ages of several volcanic rocks. By radiolll巴tricdating， the ages of the 
1 to 13 Ma， while those correlat巴dlower part of the Shil10kawa Group wer巴巴stilllatedto be from 
of the Sanru Lava from 10 to 12 Ma (Koshil1izu ef al.， 1986， 1987; Watanabe ef (1.， 1988; 
Watanab巴etal.， 1991; Sugawara et al.， 1992). The radiol1etric data show that the Mosanru 
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Fonnation was deposited during the lat巴MiddleMiocene (ca. 12 Ma). As for the 1巴su1t，the 
Shimokawa si1icified bed rocks are not younger than 10 llil1io日yearsago and not much older. 
????
Discussion 
D巴positiona1environ日1巴ntsof the Mosanru Formation have be巴nbri巴f1yreport巴dby pl巴VIOUS
works as 1acustrin巴sedimentsbased on its distribution， structure <¥I1d faci巴5ana1ysis (Sako and 
Here， th巴co日cludingdiscussion at巴mptsto find th巴ancl巴ntOsanai， 1955; Sako et (/1.， 1960). 
Th巴dev巴lopmentof th巴
lak巴sedim巴ntsare recognized by theil令 1ithologica1features of abov巴m巴ntionedtwo parts. 
Although th巴low巴rpart of other than east巴rnarea was not studied in detai1 i日thepresent 
investigation， this part was possibly deposited during the巴arlystag巴sof its巴ncroachmentinto the 
lake. Basa1 conglomerates are th巴bas巴mentclastic s巴diments.The 1arge amollnt of the Ichinohashi 
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lacustrine deposits based on above cat巴gorizationof sedimentary members 
tlf w巴reprobably main caus巴ofthe Mosanru Formation as for th巴firstd巴presslon.
Simllltaneously， high cont巴日tsof glassy materials were Ilainly derived from plllice f1ows. 
SlIbseqll巴ntly，large grav巴1show th巴cyclicsedimentary s巴qllenc巴swhich repres巴nt巴rosionand 
depositing faci巴s.1n these clastic s巴diments，axis of cross-b巴ddingand the 10ngitlldinal direction of 
From the 2nd to 4th transported logs have been lIS巴dto d巴tenninethe orientation of pa1eocurrents 
cycl巴s，based on the orientation of cross-bedding， the paleo-cllrrent was rOllghly correlat巴dwith N-S 
trend. 
Abundant logs at th巴locs.A1， AII and B1 are Iying on th巴horizontalor slightly diagona1 
position. Fifty-four logs w巴I巴measured，ranging abollt 0.3-2.5 m in 1ength， and Ilore than 20 cm 
Their longitlldina1 directions of巴achlog， having 1巴sthan 20 Cll in 1ength have not 
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in diameter. 
b巴即日COI吐巴d.Theii.ori巴ntationsare measured by 1l10stly N-S and rarely E-W (Iimited a陀ain the 
eastelll part of Kosei-bashi) trends (Fig. 41). Pow巴rfuland strong cun巴ntpossibly entrains coarse 
grains and prodllces a distinctive set of sedimentary structures with thick beds of boulder sized 
gravel (3rd and 4th cycles)ー Whereasmoderat巴currentproduc巴sa diff，巴rents巴tof structure with thin 
beds of granllle to cobble sized gravel (1 st， 2nd and 5th cycles). 1n the former case， after the 
flooded events， the thiclくllludstoneand sandstone horizons w巴redeposited at the top of each cycle 
and containing the perished remains of erected trees These upward-fining alluvial seqllences 
Sllggest sllb-aerial exposllre of repeated f100dplain in dynamic f1l1vial-dominated sedimentary 
systelll There wel官 atleast twice stable wetland conditions with fossil forests. The principal 
mechanism for in situ burial of the trees are sllggested as following. Flooded-f1ow， which wOllld 
prodllce the conglomerates was overlying the el芭cttrees and clltting the trees at same height 
The Mosanflトbashitlf is chm日cterizedas interlayered with the lInwelded subaqlleolls and 
volcanic sedimentary deposi陪whichare differentiated into three， lapili tlf strata， anglllar coarse 
pll1iceous deposits， and SOlt巴dfine grained tuffaceollS one. As the latter two are widely exposed 
between Mosanrll-bashi and Kyowa-bashi， isopach map slightly elucidates the depositional centel 
(Fig.40). The thickness of the Mosanru-bashi tlf grades laterally from the thicker near the 
Mosanrll-bashi (more than 30 m thick with three horizons)， tothe thinner at the Nendo-zawa (20 II 
thick withollt lapili tlIf). Th巴sedimentationwas progressed by the inflllence from coarse and 
anglllar pllmiceolls deposits to fine tuffaceous beds The可erocks show some laminated structure 
with a litle cross lamination， meaning as a lacustrine condition. Together with sedimentary facies 
and orientation of linear eleme附 ofdrifted logs， the m吋ordirections of p山
by N-S trend 
As a whole， the existence of lacustrine sedil1ents presenting depressed，巴roclecl，floocled ancl 
clepositing is successively founcl in the eastelll area. 
Picard ancl High (1968) describecl that large-scale seclimentary cycles arouncl the margins of the 
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lak巴hav巴b巴巴nprobably int巴rpr巴t巴das du巴totransgr巴ssionsand regressions of the waterline as th巴
lak巴wat巴r5ro5巴andfelJ. 
In contrast to th巴lowerpart， th巴upperon巴wa5d巴posit巴dund巴rth巴巴nVlronm巴ntalr巴qlnrem巴日tas 
final phas巴ofinfilling， and consisting of a mir巴communitycharact巴rizedby organic-rich s巴dim巴nts.
The first cycl巴ofth巴upp巴rpmt is int巴rv巴n巴das hug巴conglom巴rat巴sd巴IlV巴dfroll th巴low巴rpart 
???
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Th巴thickn巴SSof this conglolll巴ratichorizon grad巴51at巴rallyfrol11 thick巴r(1ll0l巴than80111 thick) at 
Kyowa-bashi to thinner (ca. 10 m thick) at Hayakawa-bωhi i日the riv巴rb巴dsof Nayoro Riv巴r(Fig. 
9). Th巴grainsiz巴isalso differ巴ntfroll bould巴rto cobbl巴siz巴(n巴arKyowa-bashi) to granul巴(日巴aI
Hayakawa-bashi and also th巴nv巴rbedof th巴MosanruRiv巴r).Although th巴axi5of th巴basin
日tructurei5 not CJ巴ared，th巴depositionalcent巴ris probably suggest巴dnear th巴N巴ndo-zawa
From th巴2ndto 7th cycl巴s，fin巴mudstoneand sandston巴faciesare dominated and int巴rcalat巴d
with silicifi巴dand lignitic lay巴rs.These facies 1巴recognlz巴das no strong wat巴rcun巴nt，accountl1g 
ofpar叫l巴1lalllinat巴d，no cross-laminat巴dstructure， 51ightly sorting， agitating and rework巴d
???
ー???????
ー struct山巴s.Totally， rep巴at巴dd巴positional巴日vironm巴ntdefin巴sthat plant parts were accumulat巴d
through out th巴upp巴rpart. 
The approxilllat巴c巴nt巴rofth巴d巴positionwas probably located n巴arth巴Nendo-zawa，b巴caus巴the
conglolll巴rat巴sof the first cycJe w巴I巴volulllinouslydeposit巴dth巴I巴.Th巴varietyof grain siz巴isalso 
sugg巴st巴dth巴depositionalcenter which is probably near the N巴ndo-zawa(Fig. 9). 
As for the gravity contours around the Shilllokawa region， Bougu巴ranolllalies sugg巴stedthat th巴
low gravity area is probably associat巴dwith th巴cent巴rof th巴lake(Yamaguchi ef al.， 1990; Fig. 42) 
Th巴orgal1lcIlat巴rhas been draped around the quartz grains as no post-depoぉitionalcOl1lpaction 
The coarser grain巴dsilicifi巴drock contains and the attendant anoxic processes of fossilization. 
larger plant organs and fine grain巴done inc1ud巴sfine organic particJes， such as palynol1lorphs. Th巴
lat巴rdeposits w巴I巴u5uallyassociated with low-energy sedimentatio日(Davisand Braubak巴r，1973; 
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Thes巴datafocused that the fin巴graJl1巴ds巴dim巴ntsilnd pocknall， 1980; Pocock et al.， 1988). 
Putting palynomorphs were deposit巴din th巴d巴巴p巴rd巴positionalplace than macro-plant fossils. 
together with above m巴ntioneddata， the plant remains and fossil forest w巴remosl probably 
deposit巴dinlak巴(unknownthe size of the lalく巴)ー
Hug巴Fritz (l980a， b)and Yuretich (1984) proposed lacustrin巴sedimentarymod巴l
conglom巴raticsedim巴ntsshow evid巴nc巴ofdeposition in a succession of f1uvial and lacustrine 
Localized fossil forests are compatible with a dynamic， f1uvial-dominated 巴日v1ronments
sedimentary system. Thes巴fossilforests were usually fonn巴din porous sedim巴ntb巴n巴athth巴watel
???????
table having silicic acid (L巴oand Barghoorn， 1976; Basing巴r，1981). 
Picard and High (1968) d巴scribedthat fining upward sedimentary cycl巴su!巴moreliく巴Iyto form 
G巴n巴rally，lalく巴 depositsaJ巴moreunifonn in thickness Hnd in lakes than in other巴nV1ronm巴nts
Fine lamination and fin巴grain巴ds巴dill巴ntsare wid巴l巴xpansein laterally than fluvial units 
Cross-stratification in th巴lalく巴deposits
tends to be a small巴rscale than thos巴off1uvial s巴dim巴日ts.
commonly produced in lak巴sthan in suba巴lIals巴ttings
ζb盟1Jorisonwith oth円・ 'chert'10日Ilities
Wh巴noliginally conc巴1V巴d，th巴geologicaldata of th巴Shil1lokawaregion日 comparedwith thos巴
of well-known silicifi巴dplant localities: th巴Eoc巴日巴Princ巴ton'chert'， British Colul1lbia， Canada and 
th巴DevonianRhy日I巴 'ch巴rt'， Scotland (Tables 1，2; Figs. 43， 44; Shaw， 1952; Kidson Hnd Lang， 
Th巴irsimilarities and diff，巴renceslJl g巴ology，pres巴rvation，and llicro-t巴xtureare 1917，1921). 
marked wi th th巴Shimokawar巴g10日
Shaw (1952) provid巴dth巴firstd巴tail巴dd巴scnptlo日ofth巴sedill巴口tsin th巴AII巴nbyForlllatio日of
Som巴d巴tail巴daccounts of cycl巴si n lacustri n巴regllllesw巴regiven by th巴P1;nc巴tonr巴glO日
previollS works (Van Hout巴n，1964; Duff et al.， 1967; Fish巴rund Mattinson， 1968). Th巴
Fonnation consists mostJy of volcunic sedim巴ntaryrocks with 1l0re thun 49 int巴rcaJat巴dof siJicifi巴d
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b巴ds，coal， and shale (Boneham， 1968; Basinger， 1981)， and ni日巴ofthes巴b巴dsincll1de l1any plant 
organs which aI巴notdistorted nor compact巴d(Pigg and Stockey， 1996). The thick日巴ssof each 
Th巴bedsapp巴arto have been fonned by lay巴1・variesfrol1l S巴veralcentim巴t巴rsto half a l1l巴ter
repeat巴dsl1pplying by silica-rich water and are ql1it巴discretefrol1 other layers (Basinger， 1981). 
Back to th巴Devonianage， Rhynie 'chert' beds are only a 2.4 l1-thick with allllost 30 organic-
rich layers (intercalated with each 3-33 cm thin beds) (Kidson and Lang， 1917， 192 1; Chaloner and 
Lawson， 1985; Edwards and Fanning， 1985). The beds with rich in plant-r巴ITIaI日目containwith a 
ぉllaJamount of mineral particles. The beds are separated and interrl1pted by sandy layers and 
showing two kinds of preservation. The loose packing is a remarkable featl1re of the depo日itand it 
Kidson and Lang (1917，1921) is clear that the plants preserve owing to th巴iroriginal position. 
suggested that the depositional site of these silicified beds is as like as the site of the recent peaty 
日edimentswith almost absence of clastic particles 
The depositional environment of the Mosanru Formation wiJJ be compared with above mentioned 
The similarities are following: Abl1ndant plant l1lat巴rialswere localities (Table 2， Fig. 44). 
entolllbed in darker-colored blocks， fine-grain sized silicified rocks， porol1s sedilllents. 
On the other hand， some differences among the three localities are clarified 01t. The different 
nl1111bers and purifies of silicified layers were probably constrl1cted by the scale of th巴irvolcanic 
???????
?? ?
activities (Cleal， 1991). The ratio ofthe organic materials is higher in the Rhynie 'chert'， then in the 
At the former two localiti巴s，most of silicified plant Princeton 'chert' and smaJJer in the S3 bed 
remains were al1tochthonol1sly accl1mulated 
色鎧旦白出血
As for the Shilllokawa fossils， silica-rich water probably enclos巴dplant parts and then 
precipitated into internal tissue 111mens. The Mosanrl1-bashi and Ichinohashi tl1f:、 mostprobably 
It is Sl1ppO日edthat an affinity between silicic provided abl1nclant of silica minerals for silicification 
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acid and cel wall materials results in concentration of oilicate in plant remains from high solution 
The breakdown of the cellular level was minimized by the rapid lev巴1in groundwater. 
巴mplac白llent，because of large quantiti巴sof silica minerals. The quiet wat<巴rcurrenl' is poosibly 
renltuning th巴silicarich water in the plant organs. Two types of preoervation were found in the 
Mooanru Formation， such as structure-preserved S3 bed and non-structure-preserved beds (othel 
These silicified beds were forl1led by periodic influx of mineralo rather than olow than S3 bed). 
accumulation of silicate， because the silicified beds are quite discrete from other friable fine 
oedimentary rocks. 
Dig巴nesisdata of silicified layers was reported by some authors but litl巴anatomicalwork about 
plant rel1lains (Yahata et al.， 1994; Hattori et al.， 1996). Spic巴r(1977，1981)， and Basing巴r(1981) 
mention巴dargent silicified proc巴srepresents anoxic aqueous environment becauoe of the preventing 
diotortion and collapse. Taggart and Cross (1990) also repOlted that th巴日10otobvious巴ffectof local 
volcanic activity in facilitating fossil preservatio日isthe iI1ll1lens巴guantityof fine volcanic 山 h，
especially reworked-poorly -consolidated tuffac巴ousdeposits， ouch as the Mosanru-bashi tuff 
Murata (1940)， Leo and Barghoorn (1976) and Timothy (1987) reported that the first日tag巴inthe 
silicification of well-pres巴rvedplant parts involved il1lpregnation of silica rich water into th巴tissu巴
and / or organ. 
The proc巴sof the pellllineralization is slightly und巴rstoodbased on the Princeton materials 
????????
which contain l1luch variability of taxa (Rothwell and Basing巴r，1979; Basing巴r，1981， 1984; 
Basinger and Rothwell， 1977; Pigg and Stockey， 1996). 
Furth巴rmore，these preservativ巴conditionsrequisit巴neitherstrongly acidic nor basic， because 
cel walls ar巴rapidlydestroy巴dund巴rsuch conditions (Browning， 1963; Leo and Barghoorn， 1976) 
Precipitation reguires conditions of sup巴rsaturationwhich l1lay be accol1lplished by exce山 Ive
巴vaporation，a drop in tel1lperature， or a change in pH. The change in pH frol1l 9 to 5 1巴sultsin 
precipitation of two-lhirds of dissolved silicates frol1l a concentrated oolution (Correns， 1950) 
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Mixture of alkaline Ilineral water with Ilore nearly natural water of the marsh would enhance 
precipitation and pennin巴ralization.The wat巴rin the anci巴ntsw出IIpwould have be巴nn巴ith巴r
The plant organs in th巴MosanruFonnation Wel巴most
probably silicified as the s創刊巴wayas thos巴ofPrinceton 'chert' locality. 
Summary 
strongly acidic nor basic for plant c巴1walls 
The Shimokawa region where intens巴terrestrialvolcanism associat巴dwith local place during the 
late Middl巴Miocen巴(ca.12Ma). Th巴MosanruFonnation in this district is divided into th巴upp巴I
and th巴lowerparts， and westward tilting in the whole sequenc白山erecognized. Total thickness of 
th巴Fonnationis g巴n巴rallyabout 250-300 11 thick. It is compos巴dof mainly volcanic seclill巴ntary
It is b巴lievedto hav巴deposit巴din lake， as rocks， lllany of which show cyclic accumulations. 
indicated by s巴dim巴ntologicalsequences and lllod巴ofpres巴rvationof plant fossils 
Th巴lowerpart is subdivid巴dinto four (basal conglolll巴rates，Ichinohashi tuff， conglolll巴rates
around the Kosei-bashi， and Mosanru-bashi tufηand is cOlllposed of andesitic volcanic rocks， 
pumic巴tuff，and alternating of conglomerates， sandstone， and mudston巴 Th巴upp巴rpaJ1 is 
repl巴sent巴dby conglOlnerat巴s，sandstone and mudston巴int巴rcalatedwith silicified and lignitic b巴ds
?↑????????
? ? ?
?? ? ? ? ?
? ?
??
? ? ?
??
Most of the s巴dill巴ntsw巴restacked sequ巴ntiallYas repeat巴dburial by fluvial of th巴lacustrin巴
deposition with no mark巴dtectonic d巴fonnation
The basal conglomerates and th巴Ichinohashituff [巴flectlllajor巴ctonicevents that affected large 
parts of acidic pyroclastic rocks and volcanic s巴dim巴ntaryrocks. Th巴conglolll巴ratesaround th巴
、‘Kosei-bashi are recogniz巴das th巴flood巴dfacies showing fining upward cycles. Th巴m川1"upright 
The Mosanru-bashi tuff silicifi巴dwoods and abundant of transported logs were buriecl by int巴rvals
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IS a山口clat巴dwith tuffaceous and coarse pumic巴oussedil1巴ntaryrocks which contain many drifted 
logs. 
In the upper part， plant rell1ains in the seven silicified beds (S I-S7) are teJllinated in巴achcycJic 
seguence. Th巴depositionof these beds was needed with abundant of supply of volcanicおedill1ents，
and large guantities of organic mat巴rialsand silicic acid in short periods of til1巴 Th巴bedsaJ巴
representing litl巴varietyof thickness and are showing ll1uch variety of the preservation 01' plant 
rel1ains. Qnly S3 bed has been incJuding well-pr巴servedplant remains. The urgent silicification， 
porous fine to ll1ediull1 sized silicious rocks， much remains of plant parts， and transported system by 
weak to mod巴ratewat巴rcun巴ntwere necessary for the preservations wilh litle and no deforll1ation 
The histologically pres巴rvedplant organs frol1 both parts (S3 bed日ndfossil forests) in the Mosanru 
Formation are treated in the following chapt巴r.
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Chapter 111 
FOSSIL FLORA 
Introduction 
From the Mosanru Fonnation， Sako and Osanai (1955)， citing the l1npl1blished manl1script by 
Yajima (1932)， who reported eight sp巴CleEi1151X E巴neraas Salix， All1uιCorylus， Fagus， Viburnum 
and Carpolithes (see also in N. Sl1zl1ki， 1967). They w巴reonly indicat巴din the f10rallist and lack 
d巴tail巴dstratigraphic infonnation and locality. In addition， OCCl1rrences of silicified woods from the 
Mosanrl1 Fonnation and other plant r巴mainsin th巴ShimokawaGrol1p have been noted. How巴V巴r，
日opaleobotanical works has been mad巴untilth巴p1巴sentauthor b巴ganto study on silicifiecl plants 
from th巴MosanruFonnation. D巴scribedsom巴taxaaI巴Picea，Tsuga， Glyptostro/)山， and Decodo/1. 
(Matsumoto et al.， 1994， 1995; Matsl1moto et al.， 1997a; MatSl1moto et al.， 1 997b). 
Middle to Late Mioc巴neplant bearing non-marin巴fonnationsare distributed in the N ayoro basin 
and its surrounding areas， locating in the north， northwest or w巴はtothe Shimokawa region. Th巴y
contain rich pla日tmegafossil ass巴mblages(N. Suzuki， 1967; Tanai et al.， 1981; Tanai et al.， 1992; 
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Uemura， 1991)， micro-fossil assemtヲlages(Salo， 1992; 19arashi and Oka， 1993) 
1n this chapter， the fossil f10ra from the silicified S3 bed in the llpper part of the Mosanru 
Formation is described， along with silicified woods and other plant remains in the lower and upper 
parts. Furtherl1lore， some f10ral and vegetational features ar巴discuss巴dh巴1巴onth巴basisof the 
taxonol1lic composition， mode of occurrence，日ndcOl1lparisons with other Miocene f10ras (mostly 
Hokkaido). The silicifi巴dplant parts can provid巴n巴wresolutions of paleo-botanical and pal巴0-
巴nvironmentaldata becaus巴th巴reare a few works for these materials. 
Occurrence of fossil plants 
Plant megafossils are collected froll following localities of the Mosanru FOI日lation.As noted in 
the fOI"l11巴rchapt巴r，well pres巴rv巴dplant m巴gafossils巴mbeddedin the silicifi巴dlayers， COl1le only 
froll the S3 b巴din th巴upp巴印刷ofth巴MosanruForlllation. Th巴5巴fossilsfrol1l the S3 bed w巴re
colleCted at four sites (Iocs. C-F). Floated specilllens from additional two sites (Iocs. G， H) are 
consid巴l巴dto b巴deriv巴dfrom the S3 b巴d，because such 1l0de of pres巴rvationis confin巴dto this 
bed. Lithologic characters and topographic situation at locs. G and H are consistent with this 
assumption 
??
Fossil silicifi巴dwoods are coll巴ctedfroll five localities and thre巴horizons(Iocs. A1， AIl in the 
low巴rpart， BI-BIl in the upper part): A1 and AIl， around Kosei-bashi; B1， around Kyowa-bashi， 
BIl， cliff along the Mosanrll River; BlI， cliff along the Rube-no-sawa. Of th巴fivelocalities， the 
wood assemblages frol1l the A1 and AII include woods of petrifi巴dforest， preserving th巴1rgrowlllg 
A florallist of l1legafossils and their numlコersare cOl1lpil巴dfor each horizon and each pos1t10ns. 
locality (Table 3). Th巴yare assigned to two conif，巴rousand two dicoty 1巴dongen巴ra:Picea， 
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T{ばodioxylon，Ostrya， Fagus 
AlI of the sp巴cimensare siJicified to variol1s degrees， and most of them are applicabJ巴tothe pe巴l
technigl1e， but som巴with巴xtremesiJica repJacement of plant tissues are needed preparation by hand 
grinding. Th巴pe巴Jm巴thodwas initiated by Joy el al. (J 956)， and modifi巴dby Basing巴rancJ 
Rothwell (1977). 1n this tudy， approximately 25-45 % hydrofll1oric acid has been l1S巴dfor etching 
A sheet of c巴lIuJoseacetate fihn (th巴0.075mm thick sheet --Dick Blick company， Gal巴sburg，
Ilinois， USA) was used. 
Other than these plant remains， comp陀ssedmacro-fossils， mostly Jeaves; OSlI1unda， 
Glyploslnフbus，Picea， Pterocarya， Alnus， Acer， Sa!ix and oth巴rbroad-Jeaf taxa; cone， Picea; 
ぉhoots，abundant of coniferol1s twigs and small woocJs w巴l巴fOl1ncJfrom the ml1d日toneand 
tl1ffaceol1s sancJstone facies of the l1pper and lower parts. For micro fossiJs， abl1ndant of Picea， 
Alnus， common of OSl1unda， Taxodiaceae， Plerocαrya， Betula， Fagus， Acer; rare of COIアlus，
Quercus， Fagus， Castanea-Castanopsis， Gramin巴ae，Artemisia have been fOl1ncJ from the above ancJ 
below horizons of the S3 bed， atItoge-no-taki 
Localities 
S3 bed 
Loc. C. BJack in color， fracturing conchoidally with a smooth and shiny appearance of the 
S3 b巴drocks contain anatomically preserved plant rel1lains (Fig. 45A). Howev巴r，severaJ porol1s 
and fibrol1s rocks ar巴notavailabJe for anatol1lical works (Figs. 45C， 0) 
Variol1s and abl1ndant organs of cones， pollen con巴s，twigs， shoots， small woods and leaves of 
Glyplostrobus rubenosawaensis， cones of Picea sp. 1 and leaves of P. nakauchii ，P. sp. 4 and P 
sp. 5and Jeaf of Tsuga shimokawaensis and Abies sp. were gainecJ at this site (Figs. 46A-C， E) 
SeveraJ rel1lains of Glyptostrobus ru.benosawaensis is repres巴nt巴das connected organs: shoot with 
29 
leaves， con巴withshoot， wood with twigs 50ft parts， such as poJlen cones， flowers， aguatic 
organs hav巴b巴npl巴rcedfrom this sit巴.
Loc. D. Glypto‘，trobus rubeno.悶 Wαensisleaves， smaJl twigs and cones， and Picea 
/1αkauchii 1巴av巴sw巴l巴collectedfrom this site Th巴t巴xtl1reof th巴53bed iおsimilarto above 
mention巴dfeatU1巴s.How巴ver，1巴s巴rtaxa w巴I巴foundh巴l巴
Loc. E. Th巴toppart of th巴53b巴drocks is 1巴pr巴sentingparall巴1laminated structU1巴， and 
contain parallelly accumulated Picea nakauchii and Gら'ptostrobusrubenosmグαenSI:す leaves(Fig. 
45E). While， rare occurrenc巴ofconn巴ctedorgans and 1巴prodl1ctiveparts. This evidenc巴isdifl巴1・
frol1 th巴for111ertwo localities 
Loc. F. It is noted that undergrol1nd portions aJ巴 majorityorgans in hel巴(Fig.45B)
Osmunda Sp. rhizolll巴shav巴b巴np巴lf巴ctlypres巴rved(containing with th巴ircortex) and al巴
saturat巴din th巴allllostpur巴siliciousl1atrix (Fig. 46F). Glyotostrobus rubel10‘叩wα白川口 l巴av巴sand 
Picea nakauchii， P. sp. 4 and P. sp. 5 1巴av巴s，and P. sp. 1 con巴W巴l巴coll巴ct巴dfrol1 this locality 
Loc. G. S巴V巴ralrocks ar巴r巴pl巴sentingparall巴1laminat巴dstructure， and contain parallelly 
accl1lTIulated Picea 1巴av巴sand con巴s(Fig. 45F). DecοdOI1 se巴dsw巴recollect巴dwith Alnus sp. 
infrl1ct巴scneces，Glyptostrobus . rubenosawaensis woods， cones and 1巴aves，and Osmunda sp. and 
O. cinl1amomea rhizomes from this site (Fig. 46D) 
Loc. H. Glyptostrobus rubenos帥 Vαensiscones， 1巴av巴s，s11al twigs， and woods ar巴only
found fro11 this locality by now. Theyar巴notparall巴lIyaccu111ulated but are scattered in a roclι 
Totally， th巴degre巴ofdegradation， natU1巴ofplant organs， and f10ral compon巴ntsare not 
rel1arkable changes in laterally 
Features in the S3 bed 
As th巴53bed yields l1any kinds of species and plant parts， their 1TI0de of occurrence is noted 
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hel巴inboth the vertical and lateral changes. No marked lateral chang巴inthe compositio日is visible 
at distance of 7000 m. Thel巴fore，flora and vegetation are considered collectively in the following 
discussio日
Preserved plant organs in the S3 bed probably fel indirectly into the organic and inorganic debris 
shortly before silicification. There appears to have been litle or no cOlllpaction of the infiltrated 
layer， for plant parts show almost no evidence of crushing but a litle distortion. For this purpose， 6 
salllples from the S3 bed， (about 20 cm interval) at the loc. C were collected to examine (Fig. 50). 
sasal part They obtain mostly conifer cones， leaves， twigs and small wood (Figs. 50a， b)
They looks like a sort of compost of plant remains， because they are not sorting. The domin日ted
taxa出eGlyptostrobus rubeno l巴aves
Middle part They contain coniferous twigs， shoots， small woods without reproductive 
organs (Figs. 50c， d) As middle part possesses sllal amount of leaf and no reproductive organs， 
the taxonomic assignment is most of coniferous genera 
Uppel' part 1t contains with root fraglllents， coniferous small twigs and chipp巴clcharcoal 
fraglllents (Figs. 50e，ηThe preserved abundant underground organs are notic巴dthat they were 
transported from neariy surface目
To sum up， the basal and middle p山 tsof the S3 bed are characterized by relatively larger plant 
organs， while the upper part by small or lighter plant particles as roots and fraglllented charcoal 
chips. Namely， a weak grading and sorting nature is evident. The proportion of organic to 
inorganic materials is almost salle volume from th巴bottomto the top of the S3 bed. As for the 
preservation of plant parts; well-preserved organs in th巴basaland upper parts， and not well-
preserved ones in the middle part 
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woods Silicified 
色出色位盟主1
Loc. AI: 3rd cycle in f100ded plain， low巴rpart 
As for the p巴trifiedforest， fOllrte巴nTaxodioxylon sp. stllmps and trllnks w巴recollect巴dat 100 
i1 sOlltheast of Kos巴i-bashiin the riv巴rb巴dof the Nayoro River from th巴tophorizon of th巴3rdcycl巴
Theyar巴巴ntombedin tuffac巴DlSllluddy sandstone with cOaJ日eanglllar pumice (Figs. 47， 48A-C) 
<lnd出巴el民 tingin a area within 150 m2. They have 4-40 C1l in diamet巴r，and 20-150 years old. 
Exalllin巴dfOLlr trees aI巴root巴din tuffac巴OlSsandstone and ar巴V巴rticallypl句巴ctingIp (川most
AII woods w巴「巴cutoff at the same height by the perpendicular position toward the bedding plan巴)
erosional gravel horizon 
Loc. AII: 4th cycIe infloocled plain， lower part 
Nin巴Ostryasp. trunks and one stump with bark are standing in a narrow spac巴 50m2 between 
Kosei-bashi and Mosanru-bashi， inth巴riverbed of th巴NayoroRiver from th巴tophorizon of the 4th 
Examin巴dthree speci l1lens aI巴root巴dwithin tuffaceoLls lllucldy sandston巴cycle (Figs. 48， 49D-F). 
horizon， but not penetrated into the gravel. Th巴SIZ巴ofthe trunks is ranging 4・18in diall巴terand th巴
As for the int巴rvalsof the growth rings， the n1l11lb巴rsof growth ring are showing 1ふ60years old. 
Th巴5巴lιltest 5-8 years are showing charact巴risticfeat山巴sas v巴rynarrow， 0.3-0.5 m1l in width. 
woods were growing within a short time period before the 5th flooded event. 
Furth巴rl1lore，sixty drifted logs were mostly collect巴dfrom th巴fivelocalities; AI， AII， BI， BII 
<lnd BIII. Oth巴rthan th巴『巴localities，prostrat巴logswithout bark were I巴strictedalmost exclllsively 
Total taxa aI巴
Most of them withollt barks are cOl1lpressed 
to conglolll巴rateand coarse.sandstone horizons in both lower anclllpp巴rparts 
recogniz巴das thr巴巴，Piceα， Taxodioxylon， and Fagu.1 
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by a factor of 4 : 1， but some are suffered from compression. Measured logs are 1l0stly 20 -30 CI1l， 
some are J1lore than 40 cm in dial1l巴ter
Trll1.1'/}orfed !ogji 
Locs. AI， AII. Three of six wood materials (al --Taλodioxylon sp.) were compressed， 
but other than three were not defonned at the loc. AI. Twelve logs were collected at the loc. AII. 
Theil・taxaare assigned to Taxodioxylon sp 
Loc. BI: 1 stcycle， upper part 
Twelve logs were colIect巴dfrom conglomeratic horizon， 50 11 west to 100 m east of Kyowa-
bashi， riverb巴dof the Nayoro River. Abundant of Taxodio.勾'/01 sp. W巴I巴col巴ct巴dfrom this site. 
Loc. BII: 2nd cycle， upper part 
Thirteen logs were colIected from scoria rich horizon (1l10re than 2.5 11 thickl b巴lowth巴S2b巴d
at the clif of the Mosanru River， 200-300 m north of Kocho~bashi. Thre巴taxaare recognized; 
Taxodio.勾'/01sp.， Picea sp. and Fagus sp. Most of the1l1 w巴redeformed， especially in early 
wood part and have no bark. 
Loc. BIII: 2nd cycle， upper part 
Seventeen logs were collect巴dscoria rich horizon (2.5 -5.0 m thick) at the cIifs of Rube-no-
sawa， 250 m north of Hayakawa-bashi. Since two sp巴cies(Taxodioxyloll sp. and Picea sp.) were 
1l1uch decomposed and abraded of their bark， and tend to be cut shorter than 20 CI1l Iong 
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Fossil f10ra 
COI11 posi tion 
Frolll the S3 bed， the following 15 form taxa are recognized， including two ferns， 10 conifers 
and two angiospenns. They are distributed in five family and seven gen巴ra.Th巴genllSO.l'111unda 
has two species of two sllbgenera Conifers are represented by fOlr genera and most divers巴1日
specles COlllpOSltlO日 Angiosperllls are poorly represented by two g巴口巴raof dicotyledons. Besid邸
these， th巴reare many unid巴ntifiedtaxa as flngi， ferns， coniferolls leaf， and other vegelHtive and 
reprodllctive organs of seed plants (Ilostly of angiosperlll). They aJ巴listedtaxonolllically as 
follows. 
Taxonomic Iist of plants frol11 the 83 bed 
Division: Pterophyta 
Class: Leptosporangiopsida 
Orcler: Filicales 
Family: OSlllllndaceae 
Osmunda (Subg巴nlSOS111undα) sp. 
O.l'munda (Subgenlls Osmundastrum ) cinnαmomea L. 
Divis旧日 Conifl巴rophyta
Order: Taxodiales 
Falllily: Pinaceae 
34 
Picea nakauchii Matslll1oto， Ohsawa & Nishida 
Picea sp. J 
Picea sp.2 
Picea sp.3 
Picea sp.4 
Picea sp.5 
Picea sp.6 
Tsuga shunokawaensis Matslll1loto， Ohsawa & Nishida 
Fal1liJy: Taxodiaceae 
Glyptostrobus rubel10白sawaellsisMatslll1oto， Ohsawa， Nishida & H. Nishida 
Taxodio巧'/01cumminghαmioides 
Division: Anthophyta 
CJass: DicotyJedonopsida 
Order: FagaJes 
Fal1lily: Betlllaceae 
A/nus (Subg巴nlsA/l1us) Sp 
Fal1lily: Lythrac巴a巴
Decodol1 mosanruensis Matsumoto， Momohara， Ohsawa， & Shoya 
Unid巴ntifiedtaxa 
Fllngi 
Fern 
Pinaceous 1巴afcf. Abies sp 
R巴productiyeorgans of seecl plants 
Veg巴tativeorgans of seed plants 
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Other than from the S3 b巴d，wood assembJages from the four horizons at five localities includ巴
two conif，巴rousand two angiospermous tr巴巴s.They are in four genera and fami 1 i巴日 (inparenth巴S巴日):
Two Picω(Pina印刷 Taxodi明伽 (Taxod i acea巴)， Ostrya(BetuJaceae) ancl Fagus (Fagaceae) 
ofth巴mare recogl1lz巴din the f10ra of th巴S3bed， and relllaining two (OSfrya and Fagus ) aJ巴only
repres巴nt巴dby siJicified logs. 
Floral features 
The floral features are discussed based on the floral compositions in both S3 bed; two f，巴1日
(subg. OSl1l山 1.daand Osmundasfrum)， four conif，巴rg巴口巴ra(Piceα， Ahies， Tsuga and 
Glyptosfrob此Y， wood speci巴Sl官pres巴ntingas Taλοdioxylon )， and two angiospenn genera (Alnus 
and Decodon )， and oth巴rhorizons incJuding wood Ilat巴rials.
The f10ra of the S3 bed is evidently poor in speci巴scomposition， especially in broad-Ieav巴dtree 
sJl巴CI巴s.It is due， inJlart， to that such leaf remains are hardly id巴ntifiabl巴inboth transversal and 
Howev巴r，th巴paucityin fruit and s巴巴drelllains of broad-Ieaved tl巴 sJl巴cleslongitudinal s巴ctions.
Ilay indicat巴thatth巴yar巴onJyacc巴ssory巴lelllentsin the flora of th巴S3b巴d.
? ? ? ? ?
Co-dominant sJl巴ciesin the f10ra of the S3 bed are conif，巴rsof Glypfostnοhus ruhen.osawaensis 
and Picea nakauchii. Decodon mosanrue凡口sis a common el巴m巴ntand remaining sJleci巴Sof 
Osmundα， Tsuga， Abies， and Alnus al巴minorelements 
Silicified woods from five localiti巴slower than the S3 b巴dare also of Jloor div巴rSlty.
Taxlχfioxylon sJl.， which probably reJll巴sentsa wood of Glyptostroh仏、 ruhenosClwaensis，is th巴
most common sJlecl巴s，occurring at al the five Jocalities. Other speci巴soccur at one (OSfrl'a Sp.， 
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Fαgus SJl.) or two (Picea SJl.) localities. 
Among the nine genera in the S3 bed and other layers of the Mosanru Formation， genera of 
GlypfO‘cfrobus and Decodon do not growing naturally in Japan. Other genera are distribllted in 
t巴mpel日teand sllbarctic regions of Japan， and of other regions in the Northern Hemisphere. The 
genus Glyptostrobus is now restricted to the very limited lowland areas of sOllthern China (Uemura， 
1990). The genlls Decodon is confined to eastern North America， ranging白Ollcold temperate to 
slIbtropical regions (Kvふkand Sakala， 1999)ー Bothexotic genera had， however， a wide 
distribution during the Tertiary of the Northern Hemisphere 
Most taxa of the Mosanru Formation are represented by trees， accomp日nyingcommonly with 
herbac;:eous plants such as Osmunda， Decodon， and other unidentified taxa. Coniferolls tl巴es，
except for a decidllous conifer of Glyptosfrobus， are evergreen in abscission habit. All of the fern 
and dicotyledonolls t日xaare presumed to be decidllous plants deduced froll the related modern 
sp巴ciesand textures of the preserved fossil remains. At least no evergreen dicotyledonolls taxa in 
the Mosanru Fonnation. As noted above， the flora of the Mosanrll Fonnation is characterized by 
two coniferous trees of Glyptostrobus and Picea， with common association of herbaceous plants 
and a f，巴wdecidllolls dicotyledonous trees 
Vegetation 
Th巴p巴trifiedforests at two localities， AI and AII， provide a direct evidence for the vegetation 
dllring the deposition of the lower part of the Mosanrll Formation. The locality AI， yielding only 
Taxodioλylol1 trllnks， indicates a pure stand of Taxodioλylon sp. The lInderlying mlldstone of this 
Taxodioxyloll forest yields Ilany shoots with leaves of Glyptostrob山田 Frolll this evidence， 
tog巴therwith th丘tGlyptostrobus rubenosc"，iJ(wl1sIs is a dominant species in the S3 bed and that 
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there is no other taxodiac巴OlSgenlls or Sp巴ciesil the Mosanru Fonnation， itis highly pl由 ablethe 
fossil forest actllalJy indicates a forest of G. rubel1osawael1sis. 
At th巴AIIlocality， alJtrllnks pr巴S巴rvesth巴irgrowing positions consist of Ostrya sp. Th巴only
assocrat巴dwoods al 巴 Taxodioλ~ylo/1. (Glyptostrobus)， which usually indicate a drifted logs having 
mOI巴orless巴rod巴dSUlfac巴. Frol1l this occun巴nce，it is possibl巴toreconstruct a pure stand of 
OSIl:va， wh巴l巴monotonousforest of Glyptostrobus was surround巴din or nearby upp巴rstreams 
As for the S3 bed f1ora， this is noted that more than three Picea sp巴cieswere growing in th巴
Shimokawa region. Among th巴mPicea nakauchii (with probably same speci巴sof con巴，Piceasp. 
1) wel巴prospersol1sin the nearby forests. Becaus巴therew巴I巴noremains of fossil forests and a 
few wood remains i日theMosanru Formatio口. Sinc巴som巴extantPicea species in having four 
faced leaf m巴recognizedas nearJy wetJand pJa日ts，they hav巴ahigh 1l10isture reguil巴mentand th巴y
al巴atpres巴ntrestnct巴dto v巴rysmallr巴lictar巴a(Farjon， 1990). As Picea /1.akauchii with巴pistol1atic
l巴av巴s，which resembles in th巴seextant sp巴cies，th巴paleo・巴日vlromn巴日talcondition is sugg巴sted日S
wetland 
Wh巴nw巴thinkabout the Decodol1 seed rel1ains， flood巴driparian forests can be巴xp巴ctedn巴aJ
the d巴positionalsite. Kvac巴kand Sak日Ja(1999) also suggest巴dthat Decod，ο/1. were possibly 
growing in aguatic to swampy environl1ent such as the p巴n11巴t巴rof lake and riv巴rby the habitut of 
related extunt taxa. Alnus in the S3 b巴dis usually growing in early succession phas巴， becal1se 
whose reJat巴d巴xtantspecies (All1uS hirsutaワ)r巴pl巴sentas plon巴erel巴m巴nts(CI日wJy，1986). 
AII of these pJant 1巴mamsw巴I巴depositedthrough a lacustrine facies by wealくcurrent.They aJ巴
nearly in situ organs of abundant of Glyptostrobus in having various organs，ζlssociated with Picea 
remains. These distinctions巴mphasizethe importance of d巴Jimitingcomml1nities as w巴tlandforest. 
1n th巴flood巴d巴nVlromn巴nts，the occurrenc巴of巴arliestfossil forests is a tend巴ncyto 1巴present
som巴coml1lontaxa incJuding Glyptostrobus (Wing et (/1.， 1995). Ostl判 wasgrowing around th巴
l1argins of the lak巴andwas巴stablishedon d巴nud巴dareas which w巴1官 creat巴dby巴pisodicwatel 
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5upply (Elias， 1980). OSf1)'a also t巴nd5to b巴adil巴ctionalproc巴5S日1which logg巴dand poor nutrias 
巴nvironm巴ntsas plon巴巴rtr巴巴s. Th巴s巴twotaxa w巴I巴possiblygrowing as巴剖Iycolonization and 
succ巴ssionin th巴swampyhabitats， b巴causeth巴s巴fossilforests w巴l巴巴xi5tingin th巴巴arlysucc巴SSlon
in the low巴rpart of th巴MosamuFormation. 1t is巴vid巴ntthat th巴low巴5tdiv巴rsity(two tl巴etax日)in 
the lower part，日ndth巴slightlyhigher di、!ersity(more than 15 taxa) in th巴upp巴rpart are recognized 
in the Mosanru Formation. Th巴low巴stdiversity was 1巴cognizedas the tre巴5gl巴wwithin the 
swamp or along its margins (G巴nnillland Johnson， 1997; Hoffman ancl Stock巴y，1999). 
The vegetation indicated by f10ra of the Mosanru Formation is interpret巴das local， wetland 
forests in or clos巴toth巴depositionalsit巴s. Main constitu巴nttr巴巴sare GlypfOSfrobus and Picea， 
accompan戸ngwith understory h巴rbsof Decodon and Osmund，αLocally， th巴S巴wetlandfor巴5ts
includ巴thepure strand of GlyptOSfrobus or OSfrya. 
As for the c1imatic consideration， no [巴alwann elem巴日tswhose similar extant sp巴CI巴s，such as 
巴vergr巴enbroad-I巴avedtaxa， w巴I巴found. Extant Glypt，ィJstrobusis v巴rysensltlv巴tofrost， reguires 
high-h山l1idityduring the wint巴rmonths， and not tolerat巴lowt巴mp巴rature(M anch巴ster，1987; 
Buclantsev，1992). By thes巴巴vidence，Middle Miocene climatic condition around th巴Shimokawa
region is possibly warmer than now. Compared with th巴contemporaneousfloras in the I-oklく日ido，
mild climat巴withnot heavy frost in winter season might hav巴prevailed，probably being influ巴nced
by volcanic activiti巴s(Tanai and Huzioka， 1967). By the f10ral compositio日andref，巴rredto the 
previous studies， the Mosanru Formation was possibly deposited under wann-temperate and 
temperate climatic condition (Tanai， 1967 a， b; Uemura， 1993) 
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Comparison with other Miocene floras 
Comprehensive study about Miocene fJoras of Hokkaido are based on leaves and micro fossils 
σanai， 1961， 1972; Tanai and Suzuki， 1965). Rec巴ntlysome floras uround the Shimokawa region 
were reported. Uemura (1991) described about the paleo-vegetation of On日巴betslland Niupu in the 
Middle Miocene. Tanai (1981)， Sato (1992)， Tanai etal. (1981，1992) and Igarashi and Oka (1993) 
reported the fJoras of Bifuka in the Late Miocene. These mega and micro-fJoral assemblages ar巴
compos 巴d ma必11川叶IyofPil川n五lac巴a巴and Alnusム， and associa川t巴d with Taxodiacea 巴久，Pte剖r戸叩-
T‘、凶ugどα1-a加ndU.凹j万1mηZ日叩叫u附，.1'一泊I白s T引h児巴s臼巴aおs臼巴mbla勾E巴白saωre s叩imila加訓rto the fJoral composition of the Mosanru 
Formation. 
Fllrthennore， here consid巴rsfour major floras from the Early to Late Miocene in Hokkaido. 
Early Early Miocene (ca 24-18 Ma)打oras(Aniai-type fJora) are characterized by the dominance of 
decicJuous broad-Ieaved trees and together with conifers taxa， PIcea， MetasequoI(/ and 
Gか'ptostrobus(Tanai， 1961; Huzioka， 1964; Suzuki， 1982; Tanai， 1992; Momohara， 1997). 
Th邸 efJoras consist of temp巴rateand cool-telllperate taxa represent巴das Paleog巴neI巴licswith no 
wann or south巴rn巴l巴llents.It is different from the fJoristic composition in the Mosanru Formation 
which has no real Paleogen巴relics.
The late Early to earli巴stMiddle Miocene (ca 18-15 Ma) floras (Dijima-typ巴f1ora)were reported 
by SOllle authors (Tanai， 1961， from Soya; Tanai and Suzuki， 1963， from Abura， Yosh ioka and 
Wakalllutsll; Terada， 1998， froll Rebun Island). There floras mainly consist ofwann-telllperate and 
f or subtropical巴ver-gr白日 trees， accompanied by temp巴rated巴cidllOUSbroad-Ieaved tre出品nd
conifers. As this floral ass巴mblag巴contalllsmany巴ver-greentaxa， th巴floralcomposition of the 
Mosanru Formation having no ever-green taxa is different from above mentioned floras. Th巴nth巴
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1lixed ever-gre巴nand deciduous forests were changing to the deciduous broad-Ieaved forest in 
southern Hokkaido (Tanai and Ue1lura， 1988). 
Fossil f10ras from the middle and lat巴MiddleMiocene (ca 15-1 0 Ma) were rare in J apan and 
only a few in Hokkaido have be巴nstudied (Sato， 1963， 1970， 1976， 1989; Suzuki， 1967; Tanai， 
1991; Igarashi and Oka， 1993). The Middle Mioc巴n巴florasfrom Onnebetsu and Niupu (Uemura， 
1991) and Utanobori (Terada， 1998) were characterized by the dominance of deciduou日blαld-
leav巴dand conifer trees， and no巴V巴rgreenbroad-Ieaved taxa. 
The Late Miocene f10ra (ca 10-5 Ma) (Mitoku-type f1ora) is characterized by te1lperate cleciduous 
broad-Ieaved trees and conifers (Tanai， 1961; Tanai and Suzuki， 1965). The 1l0st dominant species 
in the Late Miocene floras is Fagus in Hokkaido. Further1l0re， these floras日howSOIl巴regional
diff，巴rencesin f10ristic composition (Tanai， 1961). The flora of the Mosanru Forlllation in having 
broad-Ieaved and conifer forests with some exotic taxa， 1己記mblesthose of the Late Mioc巴n巴日Qras
1n the Middle to Late Miocene， other than the Shimokawa f1ora， there w巴reno remains of 
Decodon and a few remains of Glyptostrobus in Hokkaido (Uemura， 1990). The composition of 
the Mosanru Fonnation is sim日制 tothe late Middle and Late Miocene f10ras around the Nayoro 
regIOl1σ-l. Suzuki， 1967; Uelllura， 1991) and the Late Miocene flora in eastern Hokkaido (Tanai and 
N. Suzuki， 1965). However， the dominant taxon Glyptostrobus associated with Picea and exotic 
genus Decoclon were not recorded from other than the Shimokawa region 
Furthennore， several authors recognized the Miocene f10ra (Tanai and Sllzuki， 1963--Abura; 
Tanai and Suzuki， 1963， 1972--Yoshioka and Wakamatsu) and regional and / or restricted rivel・or・
lake sicle vegetation (Tanai， 1961--Soya and Horonobe; Terada， 1 998--Soya and Reblln 1sland) 
(Fig.51)ー Thef10ra in the Mosanru Fonnation is assigned to th巴laterone 
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Summary 
Conditions for the cyclic sediments of plant fossiliferous Jayers， the Mosanru Fonnatio日was
good cite for pennineralizatio日 Theyare well characterized by the lake and lake-border with 
temperate swampy vegetatlon 
The f10ra in the Mosanrl1 Fonnation was occupied by conifer forest mixed with several 
decidl1ous-broad leaved dicots and incll1ding with two exotic genera. The assemblage is composed 
of two fern: Osmunda， Osmundastrum; four conifer: Picea， Tsugα， Abies， Glyptostrobus ; two 
angiospenn: Alnus， Decodon. They are leaf， cone， pollen cone， infructescence， seed， rhizome， 
frl1its， and twig forms. Abundant remains of Glyptostrobus and Picea， and C01ll1ll0n of Decodon 
日ndOsmunda were growing l1nder a temperate condition as lowland swa1lp and wetland vegetation. 
As for the additional plants， mostly wood forms， the lowest diversity (Taxodiολ:ylon， Ostrya， 
Picea and Fugus) occurs in f100dplain hO!花ons，and probably represents trees grew within the 
wetland. 
The floral assemblage is dominant in PinaceaeョTaxodiaceae，and Betl1laceae with no evergreen 
broad-Ieaved trees， and it resembles the late Middle to Late Miocene floras in the central and eastern 
Hokkaido. As a result， such assemblages have been regarded as reflecting the contribl1tion from 
local vegetation. Especially， the flora ofthe Mosanrl1 Fonnation representing as the mixtl1re of 
Gl.lリ'Jtostrobusand Picea forest with wetland herbs is recognized by uniql1e f10ra in the late Middle 
Miocene， Hokkaido. 
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Chapter IV 
TAXONOMIC DESCRIPTIONS 
Introductiol1 
1n the Mosanru Formation， two ferns， four conifers， two dicots and additionaJ two conifer and 
two dicot woods， and undet巴lTIln巴dtaxa are recogniz巴d. Describ巴dsiJicifi巴dpJant organs froll th巴
S31ay巴r:'twoferns (Osmunda)， one dicot (Ab1US)， 5morphotypes of Picea and severaJ unid巴ntifi巴d
taxa. Oth巴rthan these sp巴cim巴ns，4 types of si Jicifi巴dwoods (Picea， Taxοdioxylol1， Ostrya， Fagus 
) are aJso describ巴daccording to the systematic order. 
The weJl-preserv巴dplant parts incJud巴Jeaf，twig， wood， rhizollles， f，巴 m~lJ巴 con巴5 ， poJlen cones， 
fruits， fJow巴rs，infruct巴sc巴日ceand s巴eds(Fig. 52)ー Th巴yrepl巴sentsmost of tissu巴shaving th巴1
originaJ shap巴ー S巴veralfossil organs have apparent affinities with extant sp巴clesor gen巴ra，and are 
treated anatomically. Some of th巴seplant remains， such as Glyptostrobus twigs with J巴avesand 
cones incJuding s巴巴d丸山ldAlnus infructesc巴nc巴sare physically attach巴dwith each oth巴r，and allow 
b巴terreconstructions of th巴originalpJants. VascuJar pJant and fungaJ rella旧日 whichm巴not
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identifiabJe as beJonging to any specific taxa， are aJso described in this chaptel 
BJocks of varying size have been coJJected froll th巴OlltCropsediments and ov巴r2 tons of rocks 
were examined. Washed Olt materiaJs from the originaJ sediments of the S3 layer w巴realso 
collected from the water system in th巴Shimokawaregion 
For the comparison with fossils， variolls orga日sof extant plants were collected. They are fixed 
with FAA (formalin 5: acetic acid 5: 50% -ethyl aJcohoI90)， orwith glyceri日alcohol(glycerin 5 
50% -ethyl alcohol 5) in the case of cones， embedded in palaplast or paraffi日巴， sectioned with a 
rotary microtome at a thickness of 10-20μm， and dOllble-stain巴dwi th safran i neand fastgre巴日
Sections were also made by water一misciblemethacrylate (Technovit 7100) (Imaichi and Kato， 1989喝
Illlaichi， 1991) for relatively large and hard materials sllch as extant matllred conifer cones. 
Rocks and peels are stored at the Department of Earth Sciences， Faclllty of Sci巴nce，Chiba 
University (DESC)， National Science MlIselll， Tokyo (NSM) and Board of Edllcation Office， 
Shilllokawa， Hokkaido. Unless otherwise stated specimens are dep口町tedin Chiba University. 
In the following description， 1 lIse the following systematics by Kramer and Green (1990) fOl 
fern， and Cronqllist (1988) for other than fern 
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DivisiOI1 Pterophyta 
Class Leptosporangiopsida 
Order Filicales 
Family Osmundaceae Berchtold et J. S. Presl， 1820 
Osmundaceae are a primitive family of ferns and is well known to exhibit some characteristic 
1l0rphological state among leptosporangiate ferns. The annl1late sporangia of 0日mundaceaeshow 
characteristics of eusporangia in their massiv巴stalksand high spore outpl1t. Fifteen extant species 
are divided into three gen巴ra，Osmunda，Todea and Leptopteris (Kramer and Green， 1990). Fossil 
records since th巴latePaleozoic， show earliest origin of the Osmundaceae among extant 
leptosporangiate f.巴rnfallilies (Seward， 1903， 1910; Miller， 1967， 1971). 
Genus OS11lunda L.， 1753 
Genus Osmunda shows a sub-cosmopolitan distribution in tropical and temperate regions at 
present， with high concentration of species in the Northern Hemisphere (Kral1ler ancJ Gr巴en，1990) 
The number of extant species cJiffers from seven (Hewitson， 1962) to eight (Kralller and Green， 
1990). They are t巴rrestrialferns having scarcely branched， oft巴nmaSSlve， erect， SOllletlln巴strunk-
lik巴stel1lenclothed by roots and persistent leaf bases 
lt has be巴nfavorecJ with subcJivision into three subgenera， 0:、munaα，Osmundastrumand 
Plenasium， which are characterizecJ by following features (Bobrov， 1967; Fig. 53). Subg. 
Osmunda:: Leaves decicJuous， bipinnate， apically fertile or cJimorphic and the fertile leav巴S巴ntirely
sporangia-b巴aring;treatecJ extant species 0. regalis L.， O. japonicαThumb.， ancJ O. lancea 
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ThUl1lb.， the latter two in ElIst Asia. Sllbg.Osl11undasfrum (C. Presl) C. Presl: Leaves deciduOllS， 
pinnate+pinnatifid， fertile in the l1liddle， ordimorphic and the f，巴rtileleaves entirely sp口氏lI1gia
bearing; treated extant speceis O. Cin11al710l71ea L. and O. c!ayfolliana L.， chiefly in East Asia and 
North America. However， the relationship of these two species is controversial， and sOl1le attempt日
have b巴enmade to resolve the problem， especially by focllsing on Osmunda c!aylonia!1a (Hewitson， 
1962; Miller， 1967; Hanks and Fairbrothers， 1981; Li and Hallfler， 1994). Sllbg. Plenωium (c. 
Presl) J. Smith: Leaves ever-green， rigid， simply pinnate， pinnate lslaly toothed; lamina fertile at 
the base or in the middle; treat巴dextant sp巴cies0. banιsw時folia(C. Presl) Kllhn， O. brol1lelia~f<ロlia
(c. Presl) Copel.， O. jaνanica (c. Presl) Blllme， and O.ναchellii (C. Presl) Hook， chiefly in the 
SOllth Pacific regions. Althollgh these subgenera were treated as genera by Bobrov (1967)， Miller 
(1967， 1971) and others， critical re-investigation has been required (Kramer and Green， 1990). 
The morphology of the rhizome which are sheathed with a mass of wiry roots and persistent 
leaf bases with sclerotic tisle， is1I good tool for the c1assification of OSl11ullda as the case of other 
Osmundaceolls genera (Hewitson， 1962; Miller， 1967， 1971) 
Historically， more than 50 sp巴ciesof permineralized rhizom巴sof Osmundacea巴havebeen 
described and assigned to about 14 genera (Tidwell and Ash， 1994). Here 1 compared Shimokawa 
species with eleven fossil species， one from the Cretaceous and others from the Tertimy， becallse al 
of before Cretaceous species having large mllnbers oftracheids in xylem cylinder， lIre not referable 
to extant genera in gross morphology (Miller， 1967， 1971， 1982; TlIble 4; Fig. 54; Serbet and 
Rothwell， 1999). However， the characteristic features of rhizomes of th回 eolder Osmundaceae lIre 
well resemblance in Osmunda c1ade (Mi日er，1967， 1971). They are: OSl71unda plu/1国 Millerfrom 
the Paleocene， North Dakota， USA; O. oregonensis (Arnold) Miller from the Eocene， Oregon， 
USA; O. !1athorstii Miller from the llpp巴rmostTertiary， Spitzbergen; O. illiaensis Miller at or near 
the contact of the Mioc巴neand Pliocene， Hllngary; O. wehrii Miller from the Mioc巴ne，
Washington， USA; O. precinnamomeαMiller froJ1l the Paleoc巴ne，North Dakota， USA; two 0. 
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cinnamomea L. from the Cr巴taceous，Alberta， Canada (S巴rb巴tand RothweJJ， 1999)， and from the 
Mio-Pliocene， Washington， USA (MiJJer， 1967， 1971， 1982); O. dowkeri (Carruthers) Chundlel 
from the lower Eocene， Engl and， and th巴upperEocene， Oregon， Utah， USA (Miller， 1967); 0 
anwldii MiJJ巴l'from the Pal巴ocene，North Dakota， USA (MiJJer， 1967)ー
MOI巴than 30 compressed sp巴cnn巴nshav巴be巴ndescri bed from the C巴nozoicin the North巴rn
H巴misphere(Jongmans and Dijkstra， 1962; etc.). Since the int巴rnalstructure of thes巴frondsare not 
preserved， they w巴1・巴日otcOlllpar巴dwith two rhizollles d巴scrib巴dh巴re.
Subgenus Osmunda L.， 1753 
OSlIlunda sp.， rhizome 
(Figs. 56-59) 
Materials and occurrence 
Fourt巴巴日 sp巴CIIl巴nsof silicifi巴drhizom巴scoJJ巴ct巴dby Mr. 1.Nakauchi hav巴b巴enexamined. AII 
are isolated mat巴rialsfroll riverb巴dsof th巴SanruRiv巴l'(Ioc. F)， the Rube-no-sawa (Iocs. C and D) 
自ndthe Nayoro River (Ioc. G) (Fig. 55). Th巴5巴fossilremains are probably originat巴dfroll S3 bed 
rocks， because w巴II-pres巴rvedplant organs occur only in this lay巴r.Two specilllens (NSM-PP 
10341 A， B at Itog巴no-taki，from th巴loc.C， and no. 870149 from th巴SanruRiv巴1'， the loc. F， 
d巴pOSlt巴di日theBoard of Education， Shilllokawa) were lS巴d.NSM-PP 10341 is the larg巴st
日p巴cilllen，I x 16 x 21 cm in dimensions， and contains two rhizom巴s. Except for th巴sp巴cilllenno 
870149 which was hand-ground， p巴巴1t巴chnigu巴wusapplicabl巴
DescI"iption 
Rhizom巴sare obconical with tapering bas巴andattaining 20 cm long 01' 11101巴，4-7Cll in diam巴t巴l
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at distal part. They are consisting of st巴m2.0-2.5 Cll in diameter and a Ilantle of clos巴Iyadh巴I巴d
stipulat巴petiolebases. The stem has an ectopllloic dictyoxylic siphonost巴le，5.0-7.0 mm in
diam巴t巴r.Xyl巴mring is 0.8-1.0 mm thick， and consisting of 14-18 xyl巴IIlllasses which are 
separated by leaf gaps in transv巴rsesection. Pith is 2.0-3.0 mm indiam巴t巴I唱 andCOlllpOS巴dof 
parenchylllatol1s tisl1e. 1nner cortex of the st巴mis 0.3 -1.6 mm thick， and includes 6-8 leaf traces 
IJ1 a glven transv巴rs巴section.Ol1t巴rcortex of the st巴mincll1des 12-18 leaf trace5 in a given 
transv巴rsesection. Protoxyl巴mis only one at first but illlmediately bifurcates. Petiol巴is6.0-7.0 
111m high and l1p to 22 mm wide at widest stipl1lar region in transvel・sesection. Sclerenchyma ring in 
the petiole cortex is heterog巴neouswith an abaxial arch of fib巴I古川petiolebase， and expanding 
distally along inn巴rcontOl1r of p巴tiolarstrand. Stipl1lar expansion contains a single， elongated mas目
。ffibers throughout its length. Outer sclerenchYllla ring consists with cortical sclerenchyma ring 
and abaxial arch of fibers. 1nner sci巴renchymaring has sclerenchyma mass， adaxial to the vasculal 
bundle. Root is diarch. 
Affinity and discussion 
COl1l1JarISO/1 with other笹包nεraand suhf!ener4α 
The ectophloic， dictyoxylic siphonostele of the rhizomes of Osmunda sp. surrounded by 
radiating mantle of leaf bases are features characteristic of the Osmundaceae. OSl1lund，αSp.IS 
distinguished from Todea and Leptopteris， (treated extant species of Todea harbara (L) Moore and 
Leptopteris supelカα(Col.)Presl) in the development of a cortical scler巴nchymaring (Hewitson， 
1962; Hennipman，.1968). 1n Osmunda， the out巴rcortex is homogeneous 50 that the ring does not 
become apparent until it protrudes frol1 th巴outercortex. 1n Todea and Leplopteri・~， the outer cortex 
IS composed of two cell types. The scier巴nchymaring consists of thick-walled cells with small， 
while the surrounding tissue of the outer cortex consists of thinner-walled sclerotic cells with large 
and more apparent features 
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Th巴leaf-tracexylem for01ation of Osmul1d，αsp. shows a single protoxylel1l and separates from 
the stem xylem. When the trace leaves the ollter cortex it carries with it SOl1le of the sclerenchyma in 
the form of a continllolls ring. The sclerotic ring of th巴leafbase of OS17Jllllda sp. becollles apparent 
after the trace enter the petiole. Thus th巴sefeatures fit those of the genlls OSl71wula 
The leaf-trace xy lem fonnation of sllbg. Plel1asium is modification of the endarch type and 
accolllmodates leaf-gaps that are high and wide (Mill巴r，1967， 1971; Arnold， 1952; Chandler， 
1965). Diver・genceof the leaf-trace is fro01 two adjacent llletaxylem strands. A mesarch protoxylem 
cluster forms in each strand. As Osmund，αsp. has a single endarch protoxylem which separates 
from the stem xylem， th巴yare assigned to sutヲg.Osmul1dα/Osmul1dastru/1.
Subgenera Osmunaαand 0 sl1und，αstrum are separable by lISilg disposition of sclerenchyma in 
the petiole (Hewitso口， 1962). 1n subg. OSl1unda ， on巴longcontinuous sclerenchym<l strand occurs 
in each wing， and an arch of abaxial thick-walled fib巴ror two lateral scl巴i巴nchymal1lasses occur in 
the cortex. On th巴otherhand， subg. Osmund，山 trumhas three masses of thick-walled fibers (one 
abaxial and two lat巴ralmasses) in the cortex， and small O1asses of sclerenchyma in the wing. Thlls 
Osmunda sp. is similar to subg. Osmul1da in the above features， and is assigned to this sllbgenus 
C0I10ar;S0I1 with fossi1 and extm叫耳neCle.Y_
Structural differenc巴sof the thick-wall巴dfibers ure found in the petiole sclerenchyma ring 
betwee円 thepresent fossil and known speceis of subg. OSl11unda and relat巴dfossils (Miller， 1971， 
1982; Table 6). 
1n thl巴eextant species， Osmund，αjapol1ica， 0.regalis， 0.lancea， outer cortex has scl巴1巴円chyllla
ring of p巴tiol巴basewith abaxial arch of thick-walled fibers in lower p山 tof stipular region 
bifurcating upward to produce two lateralmasses which may or may not ext巴ndaround ring to form 
narrow adaxial band. 1nn巴rcortex of petiole bas巴isconsisting entirely of parenchY01a. Stipular 
巴xpansionshave巴longatestrip of thick-walled fibers，.several small clusters of thick-walled fi b巴rs
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between the strip and the JateraJ margin of the expansion， and nllmerOllS to severaJ smaJJ cJlsters of 
thick-waJJed fibers near the scJerenchyma ring. 
1n fossiJ OSJ11unda pluma from the PaJeocene and O. oTegone/lsis froJ11 the Eoc巴ne;bifllrcation 
of the arch occurs just above the stipuJar region. Osmunda iliaensis from the M ioc巴ne-PJiocene，is 
presumabJy intermediate in this respect. OSl1lunda nathorsrii froJ11 the upper Tertiary is characteriz巴d
by two JateraJ masses occurring in出巴ringsof some petioJe bases. Osmunda wehrii froJ11 the 
Miocene has characteristic stipuJar petioJe bases (MiJJer， 1982). 
PetioJe anatomy of Osmunda sp. is different from those of 0. regalis， O. j，αponica， ancl 0. 
!a/lcea in having two Jateralmasses of thick-waJled fibers in outer scJerenchyma ring. 
1n 0 
nathorstii)， thick-walled sclerenchyma fibers in outer ring is continlled. However， inOsmunda 
claJ'{oni白n日 natureof sclerenchyma in ollter ring is thick and rigid. Furthennore， Osmunda sp. is 
characterized by the absence of JateraJ masses of fibers in the cortical sclerenchyma ring， tl日dthe 
presence of thin abaxial arch offibers in the ring These featllres are enollgh to CI巴signateas a new 
specles 
Subgenus OS11lundastruI1l C. Presl， 1947 
Subg. Osmundastrwn exhibits a trans-Pacific distributio日betweenEast Asia and North Am巴f1ca
(Hewitson， 1962). 1t is generaJly accepted that the subgenus consists of only one species， 0 
CllUUI177.onzeα(Miller， 1967; Wanger et al.， 1978; Li and Haufler， 1994; Yatabe er al.， 1999) 
Osmunda cinl1am.omeα is a medium-sized fern with oblanceolate fronds. 1n Japan， itis freguently 
found in mountain swamps frol1 Yakll 1sland to Hokkaido 
Subg. Osmundastrul1l is anatomically distinguishable from subg. OS171unda by four features. 
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Most diagnostic f，巴atlresare the occurrence of three masses of thick-walled fibers in the 
sclerenchyma ring of the petiole base， and the nearly constant presence of internal.endod巴1TI1日 inthe 
stele. Third important feature is a strand of thick-walled fibers axillmy to each leaf-trace in th巴mn巴r
cortex of the stem. Fourth， the presence of on巴largefibrous patch and scattered sclel巴ids01' groups 
of sclereids in the stipular expansion. 
Extant and fossil specim巴nswere anatomically compared; OSJ17unda cinnal10mea from the late 
Neogene of Washington (Miller， 1967)， 0.cim削 lomeafrom the Cretaceolls of Alberta， Canada 
(Serbet and Rothwell， 1999)， and 0. precinnamomea from the Paleoc巴日巴ofNorth Dakota (Miller， 
1967) (Table 7). 
Osmunda cinnamomea L.， rhizome 
(Figs. 60A， C， 61， 62) 
Matel'ials and occulTence 
On巴rhizolll巴(specim巴n日0.94081410)was collected by Mr. Isekichi Nakauchi， atKallli-Nayoro 
in a isolated siJicitied rock， from riverb巴dof th巴NayoroRiver， th巴loc.G. The original bed is 
uncertain， but it is probable that the sp巴cimenderived from S3 bed. 
Description 
Fer日rhizomeattains 10 cm long 01' more， tapers proximally， 5-9 cm in diamet巴l'at distal part. 
Stem is 7.0-1 4.0 mm indiameter. St巴leis ectophloic and dictyoxylic siphonostele. Xylelll cylindel 
has about 2.5-3.0 mm indiam巴terand 1.0 mm thick， and are divided by leaf gaps into 10-1 3 strands 
In transverse section， each of which is surrounded by a distinct sheath of parenchyma. Pith 
possesses 2.0・4.0mm indiamet巴l'but is poorly preservatecI. Several layers ofぉIllul，tabular cells at 
external periphery of the phloem represent th巴protophloemand pericycle. 
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Cortex is diff，巴rentlat巴dinto an inner I ayer of parenchyma cells and an Olt巴rlay巴rof fib巴r5
Eleven I巴af-trac巴soccur in the inner cortex in a giv巴日 transv巴rs巴5ection，ancl axillary to each leaf-
trace IS pres巴ntln oblong clllster of thick-wall巴dfib巴rs.Th巴maS5of fib巴rsmerg巴5upward and 
I巴placedby thirトwalledfib巴rsof the Olt巴rcortex. Th巴Olt巴rcortex incllcl巴s10 I巴af-trac巴SII a glv巴n
transvers巴S巴ct!Onσabl巴5).
Leaf-gap occurs in th巴xyl巴mcylind巴rwhen巴ach1 eaf-trac巴d巴parts.Th巴l巴aftrac巴fil百thas a 
smull cllSt巴rofm巴sarchprotoxylem elem巴ntsand an oval metaxylelll. The xylelll strand at this 1巴vel
is U-shaped with one endarch protoxylem mass in m巴dialposition 0日theconcav巴sllrfac巴TI1巴
protoxyl巴mbifllrcat巴s，wh巴nth巴vasclllarstrand of the petiol巴b巴comesC-shaped in th巴Olt巴rcort巴x.
P巴tiolebases hav巴stipularregion wh巴resclerenchyma tisles al官 distributeclin the same Ilannel 
as in extant Osmunda cinnamomea (Hewitson， 1962， Mill巴r，1967， 1971; Serbet and Rothwell， 
1999). Near the point of attachment of the petiole to the stem， there are three clusters of thick-
wall巴dfibers. They occur througholll the length of the stiplllar region 
Affinity 3nd discussiolJ 
The occurrence of three masses of thick-walled fibel古川 thescl巴renchymaring of petiole in 
Shimok日wasp巴cimenis a diagnostic feature of Osmunc/，μcinnal1omeo. The specimen is， therefore， 
assigned to Osmund，αcmnαn1.01nea 
Close relationship between Osmunda precinnamomea from the Pal巴oc巴neand extant 0 
Cl1UUl/7l0l1'zeαis demonstrated by the similar clllsters of thick-walled fibers in the p巴tiolebas巴5
(Hewitson， 1962; Miller， 1967). However， the arrangelllent of sclerenchyma tis日lesi n the sti pll ar 
expansions and inner cortex of the petiole bases in the Paleocene species i日morecomplex than that 
in the extant species which has scattered small groups of fiber. The Shilllokawa species al50 
reselllbles O. cumamomea rather than 0. precinnamomea in this featur巴
Recent c1iscoveries of Osmunda cumamomea from the 0.，巴tac巴ous(Rothwell， 1996; S巴rbetand 
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Rothw巴1，1999) demonstrate that the species is possibly old巴rthan O. precinnamomea. Phylogeny 
of the species on th巴basisof both molecular and fossil data also刈ggeststhat OSl7lunda cinl1αmOl1ea 
has exist巴dsinc巴theLat巴Permian(Yatabe et al.， 1999). 
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Division Coniferophyta 
Order Taxodia les 
Family Pinaceae L. 1836 
Genus Picea Dietr. 1824 
Picea is now widely distributed in the Northern Hemisphere including 34-40 species 
(Lacasagne， 1934; Liu， 1982; Fmjol1， 1990)， particularly prefer cool temperate clil1ute. Some 
species are il1portant constituents in the northel円coniferousforests， while more than half of species 
have restricted distribution and rega吋edas relict species (Wright， 1955; Schmidt， 1986-1989; 
F3Ijon， 1990; Shimizu， 1992). Twenty species are endemic to the Sino-Japanese floral region. Th巴
other species have wider distributiol1s and only a lil1ited nmnber of species occur in relatively dry 
climates 
Recently， Fmjon (1990) improved the classification by Schmidt (1986-89) primarily based on 
cone characters. 1 follow Fmjo口'sclassification. Fmjon classified Picea i口totwo sections: Picea 
and Casicta Mayr， based 011 seed cone feature. Each section is further split into two subsections 
based on leaf fOlm: Omorikae E. Murray and Pic出 insect. Picea， and Sitchenstヘ~ E. Murray and 
Pungentes E. Murray in sect. Casicta. Furthermore， subsect. Picea is subdivided into two series 
Picea and Rubentes Bobrov 
Unequivocal anatomically preserved fossils of Picea have b配 nknown since the Early Oligocene， 
which are Picea diettertianαMiller (1970) from the Oligocene， W邸 ternMontan孔P.eichhornii 
Miller (1989) from the Oligocene， Washington and P. wolfei Crabtree (1983) frol1 the Miocene， 
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Nevada. Picea cli万九I'oodensisB巴rry(1905)白omth巴CretaceollS，N巴wJersey， isan oldel 
strllcturall y-preserv巴dcon巴. How巴V巴1'， this material is pyritiz巴dand poor anatomical preservation， 
and makes the id巴ntificationlInreliabl巴
Compl巴ssedfossil remains of Picea have b巴巴nreport巴dsince th巴Lat巴c!巴tac巴Ol日ofth巴
Northern H巴mispher巴(Florin，1963). Most speci巴swere descri bed based on se巴ds01' con巴S.More 
than t巴nspecies hav巴beenreport巴dfrom the T巴rtiaryof Japan (Miki， 1948， 1957; HlIziolむし 1949;
Tanai， 1961; Tanai and Onoe， 1961; Tanai and SlIZlki， 1963; U巴lllura，1988; Ozalくi，1991; etc.)， 
and frOll th巴Tertiary(a few from th巴Lat巴Cretuceolls)of west巴rnNorth AI1巴ricaand ElIrop巴
(MacGinitie， 1933; LaMotte， 1935; Axelrod， 1944， 1966， 1987; Florin， 1963) 
Matsllmoto ef al. (1994) describ巴da silicifi巴dleaf， P. nakauchii， (s巴ct.Piceα) from the pl巴sent
stlldy ar巴<l.
To dat巴，31 wood species attributabl巴toPicea hav巴beend巴scrib巴dfrol1 th巴T巴rtiary(Watmi， 
1941 a， b， 1956; Greguss， 1955; Sudo， 1968; Suzuki， 1982; SlIzuki and Terada， 1996). Two types 
of woods have b巴巴n1巴cogmz巴dtraditional1y in the g巴nus;P. maxunowicui type having h巴lical
thickening in trach巴id，and other than P. maλimowiczii type with th巴helicalthick巴日inglimit巴din
the late wood trach巴id01' lacking th巴m(Watari， 1941 b， 1956; Sudo， 1968; SlIZlIki， 1979， 1982， 
1985; Terada， 1998). 
Thl巴eforms of con巴s，Picea sp. 1 (larg巴cone)，P. sp.2 (small cone)， P. sp. 3 (small with 
pap巴rythin scal巴)， thre巴formsof leav巴s，P. nak，αuchii， P. sp.4 (four faced leaf) and P. sp.5 (two 
01' three fac巴d1巴af)，and on巴wood，P. sp. 6. Th巴5巴ar巴th巴first1巴cordsof permin巴ralizedremains 
of Picea from the Tertiary of Eurasia 
These thr巴巴coneswel巴compar巴dwith abov巴II巴日tlon巴dwestern North AIl巴ncansp巴CI巴s(Miller， 
1970; Crabtre 巴， 1983) and with eighteen 巴xtant sp 巴CI 巴s(Tabl 巴s 6， 7): sect. P;ce町EαI=P. (αah川Iμ附e町Jヘ叩s
P.α.¥pe白J百 fα，P. chihuahuana， P. glauca， P.koyα111αi， P.torono， P.wilsonii， P. glehnii， P. marial1a， 
P. ruhe凡~， P. brachytyla and P. breweriana; sect. Coι口cta=P. jezoe凡円札 P. lik;angen.l'i.l' var.， 
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P. sitchensis， P.engelmanii， P. engelman日 ssp.and P. p山1gens.
Picea nakauchii and P. sp. 4 are cOl1pared with leaves of nine extant sp巴cieshaving 
quadrangular leaf in outline (Tables 6， 8): sect. Picea ， sllbsect. Picea，日er.Picea =Picea ahies， P 
alcoquiuna， P.koyamαi， P.maximowicui， P. shirasawae， P.smifhiana and P. f川 -{lI1(}; ser. 
Rubentes = P.glehnu; sect. Casicta， 'subsect. Pungenfes = P.punge凡¥'. Picea sp. 5 was 
cOl1pared with two extant species having two to three faced leaves: sect. Cω，icfa， subsect 
Sitchenses =Picea jezoensis ; sect. Picea， subsect. Omorik，αe =P. br凸νenana.
Picea nakauchii Matsumoto， Ohsawa & Nishida， 1994， Ieaf， 
in J. Japan. Bot. 69: 387-396， Figs. 2， 3 
Remarks 
More than 500 Picea l1a此auchiileaves were collected from the S3 bed at Itoge-no-taki， and from 
the locs. C-G， the riverbeds of the Rube-no-sawa， the N巴ndo-zawa，the Sanru River， and the 
Nayoro Riv巴r.Since the specim巴nsare already described as a fossil species， 1 only demonstrate 
salient features of this species 
The leaf fOlm and inner structure of Piceαnakauchii resemble those of the speci邸 ofs巴ct.Picea， 
subsect. Picea， series Picea (Matsul1oto ef al.， 1994). The sl1al resin canal of Pic叩 nakauchii
resembles those of P. koyamαi and P. shirasawαe now indigenolls to the Yatsugatake Mountains of 
central Honshu， Japan. However， resin canals of P. nakauchii (ca. 35μIII in diameter) are much 
smaller than those of P. koyamai and P. shirasawae (ca.75μIII in diameter) 
The abundance of Piceαnαkauchii in the fosil assemblage indicate high dominance of the 
specles I日theoriginal v巴getation.Picea nαkauchii was fOllnd associated with al three typ出 of
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cones 
Picea sp. 1， cone 
(Figs. 63-66A) 
Materials and OCCUITence 
Specimens n05. 870 I 09 and 940720 were collected by Mr. I. Nakauchi at the upstreal1 of 
Hayakawa-bashi from the riverbed of the Rube-no-5awa. Specil1ens nos. 8806280 I (making thin 
and peel sections) and 88062802 (for investigation of external 1110rphology) were colIected from a 
transported rock in the Sanrl1 River. The5e cones were l1sually entol1bed with abl1ndant leaves of 
Picea nakαuchii. The derivation of rocks are uncertain， but it is probable that the specimen came 
白omnearby S 3 bed 
Description 
Cone structure. -The fossil cones are oblong-cylindrical 7.0-8.5 CI1 long and 2.5-3.4 CI1 at theil 
widest diameter. The cone base is bluntly round， while the apex is slightly acute. NUlllerous 
ovuliferous scales are arranged spirally around the axis. The scales are 10-21 111m long and 0.8-2.0 
mm thick， and tapering gradually to the apex. A bract detached bearing an oVl1liferol1S scale at its 
abaxial base is 5.0-8.5 mm long 
Most seeds are missing and the seed space is filled with 111ineral matter. The lack of seeds 
indicates that specimens 1巴'presentmature cones. The scale apices， rather than being closely 
imbricated as in i111mature Picea cones， stand slightly apart frOI1 one another in the fossils as if they 
had opened fully and later re-cl1rved to a partially closed position. 
Cone axis. -Pith is 1.6-2.2 111m in diameter throl1ghout 110st of the length of the cone axis bl1t 
narrows near the apex. Parenchyma cells that are 10-80μ111 in diameter and 100-175μ111 long， 
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l1ake lIP 1l10st of the tislIe， blt are sJightly sl1aller at the periphery. 
Cell walls of th巴tithparenchyma are abollt 5.0μm thick and bear nUJ羽田ひUSsimple pits that m巴
巴Iipticalin face view. The cells are arranged in longitudinal rows which bend outward gaps in the 
vascular cyJinder. There are no scleroid 01' resin canals in the pith. 
Vasclllar cylinder. -VascuJar cylinder is 4.0 mm indiameter for the 1l10st part， but narrows to 
apically. Secondary xyJelll makes up the bulk of the vascuJar tislIe fonning a cylinder 50-300μ111 
thick. The secondary xylem of the axis consists mainly of tracheids which are polygonaJ in 
transverse outline with 10.0-37.5μm in diameter. Their cel walls are abOllt 2.5-7.5μm thick and 
bear small circular-bordered pits. The xylem rays are mostJy lIniseriate and 3-10 cells high. No 
growth ring occurs in出exylem indicating that fossils cones developed during spring to autumn as 
same as present-day Picea cone. The phJoem in most specimens has been completely replaced by 
l1ineral mattel 
Cortex.-Cortex is about 0.3-1.0 mm thick. Most of thel1 are not examined by their decay 
Parenchymatous cells making up the cortex are distinctly circlllar 01' oval in transverse olltline. The 
parenchyma cells are variolls sized 20-60μl1 in diallleter， and 100-300μllllong with 5.0-7.5μl1 
thick walls 
VascllJar traces. -Vasclllar traces to each ovuliferous scale and its associated bract are separa也CI
from one another from the vasclllar cylinder of th巴coneaxis. A narrow gap is fonned in the 
vasclllar cylinder between them. The single cylindricalllnit is 125-250μm in di山lleterwith narrow 
gaps consisting of parenchyma cells. The gaps are 30-70μm in diallleter and 100-150μm Jong. 
At its point of divergence， the scaJe trace shows a horseshoe shape with its arm日directedbasally， 
about 1.7 111m in diameter in transverse section. Filling up the gap among the traces is a dense 
tisle of sclereids that are 30-70μm in dial1eter and 100-150μm long with walls abollt 10μl1 
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thick. As each scaJe tI乱ceand its associated b1'act t1'ace dive1'ge into the cortex， they pass between 
two axial 1'esin canals. Each of these canals p1'oduces a branch which continu巴solltward on either 
side of and adaxial to the b1'act trace 
Bract.一Bractis fllsed on its adaxial sid巴tothe associated con巴scale.The abaxial side of the 
bract opposit巴thearea fused to the scale is inflated， forming a di5tinct keellike proj巴ction.The 
thickness of the bract is 1.0ート7mm atits base. The bract is conotrllcted mOotly of pa1'enchyma 
cells，40-120μ1l in dial1l巴ter.Two r巴sincanals p1'esent at each oide of the cent1'al b1'act-trac巴.
Detailed structllre of the vascular strand is not eXUl1l日1巴d
Ovulif，巴rousscale.-Th巴ovulife1'ousscul巴sof these con巴shave a 5patulate shape and 10-21 mm 
long. They a1'e about 10-15 mm wide where they diverge白omthe axis， and 1'each a maximum 
width of about 20 ml1l wide. Concur1'ently， th巴sc日lestape1' g1'adllally from a basal about 3.0 mm 
thick to approximately 1.0 mm midway along their length， and finally thin to abollt 0.2 mm jlst 
behind the apex 
Diverge日C巴ofth巴scal巴sfrom the axis is initially in a basal dIl巴ctionl1aking an abaxial angle of 
30 0 • The scales tlen recurve tOWaI廿thecone apex around seeds cavities left by thel1 50 that the 
scale apices stand Olt from the axis at an adaxial angle of up to 18 0 • This angle日 g1'eatestfo1' the 
baoal scales and decreases apically wi出thete1'minal scales curving around th巴coneapex. The scale 
bas巴isconstructed l1ainly of the nea1'ly flattened vascula1' strand and th巴bandof ocle1'enchYl1a 
which lies its abaxial side and parenchyma on adaxial side. On the adaxial side of the scale， the 
pa1'enchyl1a extends medially fo1'ming an inter-seminal ridge between the seed cavities that is about 
1.5 mm high 
At I巴astfou1' 1'esi日canalsenter the scale base. Two of them are located in the川terseminalridge 
and another two a1'e located in each lateral margin of the scale. The canal clo呂町tto each lat巴ral
l1argin of the scal巴bendsaround th巴vascllla1'strand and ent巴rsthe sclerenchym日whichare 
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positioned at abaxial to vascular sfrand. Each canal then divides a f，巴wtimes to make 1l0re 1出 In
canals. This disposition of resin canals is reported to be unique to cones of Picea (Radis噌 1894;
Miller， 1970). Two resin canals also enter the abaxial side of vascular strands through the ribbon 
shaped secondary xylem of vascular strands. 
The scale thins as it curves around the seed cavities， and the v出culartisl巴breaksinto 9-13 
S巴p山ιltestrands. Ground tisu巴ofthe scale at this point consists of parenchyma forming th巴adaxial
side of th巴scal巴atbase. BlIt they loose a lot of 1瓜lInaein the llledian regio日betw巴enabaxial and 
adaxial slrface. Transv巴rs巴sectionsof tle scale at its wid巴stpoint show lIP to21 vasclllar strandι 
The abaxial and adaxial p出.enchymalayers aJ巴thinnel
Wh巴rethe scale narrows to form the rounded apex， the sclerenchyma and resin canals disappem 
At this point the scale consists only of a f，巴wsmall vasclllar strand討withina small amollnt of 
川 I巴Ifasciclllarparenchyl11a which bOllnded adaxial and abaxial by d巴nnaltisles with thick c巴1
layers. Just beyond this point th巴vascularstrands and pm巴日chymafad巴Oltwith rel11aining the scale 
apex which is mad巴lIPonly of th巴d巴rl11altisue. 
The adaxial scale canals continlle to the distal part of the scale dividing into a sl11allnlll11ber of 
canals. Th巴abaxialscal巴canalsdivid巴into15・21canals arrang巴din a horizontalline. The othel 
canals are div巴dedinto 10-15 canals arranged in a horizontalline川tervascular strand. They 
sutヲdividemany til11es to e日terbetween and abaxial to th巴vascularbllndle. The thickness of th巴scale
jlst behind the apex indicates that it mllst have been woody. 
Se巴d.-No seed is fOllnd. Becallse most seed cavities contain 0日Iyl11inerall11ater， and there is no 
sugg巴stionof abort巴dtisles. 
As the resllt， Picea sp. 1 ischaracterized by following f，巴at山巴日:larg巴conesize， woody scale 
'lpex， singl巴rayin bract trace， 4 maximlll11日lI11b巴rsof resin canals in scale sclerenchyma， and no 
resin canals in vasclllar cylinder ofaxis 
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Affinity and discussion 
GenusαSSif!1l1，ε111 
Con巴.ー ThirtyfOlr characters which are ref，巴r巴dto Ohsawa (1997， in Tables 4. 5) are lIsed for 
th巴phylogeneticanalysis in Pinaceae. Charact巴rstat巴swer官scoredas "0" and '・1"，and the missing 
characters were scored as "?". Picea sp. 1 agre巴withgenus Picea in having cylindrical sh日pe，
tapering cone scales at apex in longitudinal section， and subtended bracts which are shorter than the 
scales. Picea sp. 1 has only two seed cavities on the adaxial face of scales. FlIrthennore， these 
specilllens exhibit conspicuolls lacunae in the adaxial scale parenchyllla opposite the seed having 
(character number 33 representing as "1 ")ー 1n addition， resin canals巴nterth巴日calesof the fossils in 
the parenchyma adaxial to th巴vascularstrand with the canal c10sest to each lateral scale margin 
cllrving arollnd the lat田 tob巴comeabaxial. These anatomical conditions are known only in Picea 
cones (Radais， 1894). 
Picea sp. 1 iscompared with cones of extant and fossil species lIsing seven anatomical features: 
cone size (cone length and cone diameter)， cone length / cone diameter index， scale apex， 
日clerenchymain pith， maximum nll1lbers of resin canals in scale sclerenchyma， and resin canals i日
vascular cylinder ofaxis (Mill巴r，1970， 1989; Crabtree， 1983; Tabl巴7) The combination of these 
charact巴risticfeatures are fairly distinguished by species or higher level. 
Picea sp. 1 differs from the exalllined extant species of sect. Picea， P. esperal.α， P.wils口ni，P. 
glehnii， P.brac!てylylain having 2 maximmn nUlllber of resin canals in scale sclerenchym日 Most of 
the extant species from South Eastern Asia and Picea sitchens白 fromwestern North Al1lerica are 
陀cognizedin having 2 maximum numbers of resin canals in scale sc1erenchyma. Picea sp. 1 also 
diffel日fromthe North Am巴ncanspecl巴s，Picea rubens， P.mariallα出1dP: chih.uαhua/1f1 in having 
resin canals in vascular cylinder ofaxis and high nmnbers of lllaXimUlll nlllllber of resin canal in 
sc孔叫l巴日clere日chYIlη1a(except for P. chihuαInμtαnα ).As the 1巴sult，Pi比f乙ce配Kα.， sp. 1 n令官巴日巴II羽1blesP αbフi花eヘ.ム P. 
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forallo， and P. breweriana in having 4 maximum numb巴rsof I芭sincanals in scale sclerenchyma 
However， Picea sp. 1 differs from P. brewerialla having the sclel・enchymain pith， P.frmmo 
having smaJl ratio of cone length / cone diallleter ind巴xand P. ahies having large ratio of con巴
length / cone diameter index 
Picea sp. 1 differs froll cone of the sect. Cαsicfa and Oligocen巴fossilP. eichhornii having 
papery-thin scale apex. Furth巴rmore，Picea sp. 1 differs from Oligo-Miocene species ofNorth 
America having 4 Ilaxilllum numbers of resin canals in scale scJer巴nchymainstead of no mor巴than
2 maximum numb巴rs(MiJler， 1970; Tabl巴7)
However， distribution patterns of resin canals and vascular strands in scal巴middleof fossil and 
extant Piceαcones are not good tool for comparison with each species because they are cOlllplicated 
in section 1巴V巴1(Table 8). 
?、 ? ? 、 ，
?
?
??
??
?
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， ， ??
??
??
?? ?
????? ?
Materials and occurrence 
AII of the mat巴riaJscame from two rock samples: specilllens no. 9508201， 40 x 20 x 15 Cll and 
no. 9508202， 25 x 20 x J 8 cm. Nine con巴specimens，nos. 950820トA，B， C， D， E， F，山ld
9508202-G， H， 1， J are examined. Most of th巴sespecimens are surrounded by Picea Ilakauch日
leaves. Both eroded rocks w巴recolJected by Mr. Nakauchi at th巴loc.G， Kami-Nayoro， inthe 
riverbed of the Nayoro River. AJthough the original sourc巴rocksaJ巴 uncert山口， these specim巴ns
W巴reprobably d巴rivedfrom nearby S3 bed as the case of oth巴rsilicified plant re日lams.
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Description 
Cone strllctllre.-Shapes of cones are oblong-cylindrical 3.0-4.5 CIl1 long and 1.8-2.0 c日1at 
thei1' widest diameter. The cone base is bll1ntly rOllnded while the apex is slightly aClte. Nlfl1erous 
OVllifl巴rousscales are arranged spirally a1'ollnd the axis. Theyare 12-1 3 mm long and 1.0-2.0 mm 
thick， and taper gradllaJJy to the apex. The bract is 3.0-5.0 mm long and is fused to the abaxial 
smface of oVlIliferous scale at its base. 
Cone axis.-Pith is J. 1 -1.5 mm indiameter throllghollt most of the length of the cone axis bl1t 
narrows near the apex. ParenchYI1l日ceJJsthat are 15-100μm in diameter and 70-210μm long， 
lllake l1p the tissue but grade into l1lixed with smaJJer dial1lete1' cells at the pe1'iphe1'Y. CelJ waJJs of 
the pith pa1'e日chymalre about 2.0-5.0μm thick and bear some silllple pits. The c巴Jsare ar1'anged 
in longitudinal 1'ows which bend outwa1'd gaps in the vascula1' cylinder. SOllletillles there are 
scJeroid in the pith. 
Vascular cylinder.-Vasclllar cylinder is 3.0 mm indiallleter for the most part blt narrows 
apicaJJy. Seconda1'Y xylem makes up th巴bulkof the vascular tisle fonning a cyl inder 80-170μm 
thick. Th巴secondaryxylem of the axis consists mainly of tracheids that are rol1nd to polygonal in 
transverse outline with 7.5-32.5μml日diam巴terwith 2.5-10.0μ口1thick ceJ walL The xylem 
rays are mostly lIniseriate sometimes biseriate with 3-16 cells high. No growth ring occllrs in the 
xylem indicating that cones developed during spring to autllmn as clo pl巴sent-dayPicea cone. The 
phloelll in 1l0St specimens has been cOlllpletely 1'eplaced by mineral matter 
Cortex.-Co1'tex is abol1t 0.4-0.9 mm indiameter. This tisle contains 14-21 large resin canal日，
possessing about J 90-540μm in diameter. Pa1'enchymatolls ceJJs making lIP the co1'tex are circular 
01' oval oltlin巴int1'ansve1'se section. Cells a1'e va1'iols sized as 20-55μm in dial1leter， 70-180μm 
long with 2.5-5.0μm thick cel wall. 
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Vasclllar traces. -Vasclllar traces to a given oVllliferOllS scale and its associated bract are 
separated from tl1e vasclllar cylinder c10se to single cylindricalllnit frol1l one another. And a gap is 
forl1led between tl1ell. At its point of clivergence the scale trace has the transverse shape of a 
101's巴ちhoewith its allns directed basally; abollt 1.3 min in diamet巴r.Sligl1tly beyond the arl1lS， and 
on a line l1idway betwe巴日 them，r巴sincanal is small and t巴retes.Filling tl1e gap al10ng tl1e traces is 
a dense tisslle of scler巴idsthat are 17.5-55.0μm in diameter and 100-1 50μm long with 5ー10μm
thick cel walls. As each scale trace and its associated bract trace diverge into tl1e cortex， tl1ey pass 
b巴tweentwo axial resin canals. Each of tl1ese canals prodllces a branch which continues outward 
on either side of and adaxial to the bract trace 
Bract.-The bract abollt 5.0 mm long is fused on its adaxial side to the associated cone scale fOl 
ad凶anceof 0.8 mm. The abax凶 sideof tl1e bract is i凶 ated，forl1i昭 ad山口ctkeel 1 ike p吋巴ction.
The thickness of the bract is 1.5-2.5 mm atits base. The bract is constrllcted mostly of parenchyma 
cells， 30-60μm in diameter. Two resin canals present at each side of the central bract-trace. 
Detailed structllre of the vasclllar strand are not examined. 
OVlllif，巴rollSscale.-。、Illliferousscales are spatlllate in shape and are 10-1 5 mm long. Theyare 
abollt 3-5 mm wide where they diverge from tl1e axis， and reach a maximlll1 width of abollt 13 ml1 
Concllrrently， th巴scalestaper gradually from a basal thickness of abollt 2.5 111m to approximately 
1.1 111m l1idway alo時 theirlength， and finally thin to abollt 0.1 111m jlSt behind the apex. 
Divergence of the scales from the axis is initially in a basal direction making an abaxial angle of 
40-45 0 • The scales th巴nrecurve toward the cone apex arollnd seeds cavities left by them 50 that 
tl1e 5cale apices stand out from the axis at an adaxial angle of Ip to 28 0 • This angle is greatest fOJ 
the basal scales and decreases apically with the terminal scales cllrving arollnd tl1e cone apex 
The scale base is constrllcted mainly of the nearly f1attened vascular strand and the band of 
sclerenchyma which lies its abaxial side and parenchyl1a on adaxial one. On the adaxial side of the 
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scale， the parenchyma extends medially fonning an inter-semi日alridge that is abollt 0.5-0.7 mlll high 
between the seed cavities. 
At least six resin c.anals enter to the scale base. USllally two or 50日letil1lesthree of them are 
located in the interseminal ridge and other fOlr are located in each lateral margin of the scale. Each 
canal th巴ndivides a few times to make more resin canals. Two resin canals also ent巴rto the abaxial 
side of vasclllar strands throllgh the ribbon shaped secondary xylel1l of vasclllar strands. 
The scale is thinning as it CllrVeS around the S巴巴dcavities， and the vasclllar tissue breaks into 9-16 
5巴paratestrands. Grollnd tisle of the scale at this point consists of parenchyma forming the adaxial 
side of the scale at base. But they loose a lot of lacllnae in the median region between abaxial and 
adaxial slllface. Transverse sections of the scale at its widest point are not examined 
Wh巴I芭 thescale narrows to fonn th巴rOllndedapex， tle scler巴nchymaand vascular strands 
disappear: At this point the scale consists only of a few small resin canals within a small amollnt of 
川terf日sciclllarparenchYl1la bOllnded adaxial and abaxial by dennal tissues with thick celJ layers目 Jl討t
beyond this point the resin canals and par巴日chymafade out with remaining the scale apex and are 
l1lade up only of the derlllal tissue 
The adaxial scale canals continlle to the distal part of the scale and are dividing into a sllal 
nlllllber of canals. The abaxial scale canals divide into 13-16 canals arranged in a horizontal 1 ine 
Th巴ysubdivide Ilany tilles to enter between and abaxial to the vasclllar bllndle. The other canals are 
Ilot divided. Th巴thicknessof the scale just behind tle apex indicates that it mllst have been woody 
Seed.-AII seeds are missing and tle space is filled with mineral matter. 
Affinity and discussion 
Picea sp. 2 superficially looks like those of certain species of Picea， cylindrical olltline， cone 
scales tapering to a point at the apex， Sltヲtendedbracts shorter than the scales， lacunae in the scale 
parenchyllla， having two seed cavities on the adaxial face of scale. These <lnatolllical features wel巴
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known in cones of Picea (Radais， 1894). Furth巴rmore，Picea sp.2 is characterized by following 
f巴atL1res:small con巴size，woody scale apex， pr巴5巴日ceof scl巴renchymain pith， 8 maXillll1m numb巴rs
of resi日canalsin scale sclerenchyma， and no resin canals in vasclllar cylinder ofaxisσabl巴S7， 9;
Fig.66B). 
Oligo-Miocene North Alllerican sp巴C巴is11av巴noclos巴rrelativ巴swith Picea sp. 2 and巴xamined
巴xtantsp巴CI巴s(Miller， J 970， J 989; Crabtre巴， 1983; Tabl巴8).Picea sp. 2 differs from each cone of 
S巴ct.Cαsicta and fossil sp巴CI巴sof P. eichhornii in havi日gpapery-thin scal巴ap巴x.FlIrth巴!日lore，
Picea sp.2 is th巴onlyon巴speci巴samong th巴examinedspeci巴s，in having 8 maxilllllm nllmbers of 
resin canals in scal巴sclel巴nchyma.W巴hav巴two巴xtantspecl巴sfrom North Am巴ricain having high 
numbers of resin canals in scale scl巴renchyma;Picea ma円。l1a(6 resin canals ) and P. rubens (10-
13). How巴v巴r，th巴yposs巴sth巴I巴sincanals in vascular cylinder ofaxis bul Picea sp. 2 has no 
resl日canalin it. As the result， Picea sp.2 is日oc10se relativ巴丸山ldslightly I巴児mblingP. 
breweriana， althol1gh having 4 maximlll1 number of resin canals in scale sclerenchyma. lt is 
sugg巴stedthat Picea sp. 2 b巴longsto s巴ct.Picea with woody ap巴xin having lIniqlle characters of 8 
niaximlll1 nllmb巴rof r巴sincanals in scal巴sclel巴nchym<l
Picea sp. 3， cone 
σigs. 66C， 68A， E， 72， 73) 
Maiel'ials and occurrence 
Specim巴nsnos. 9508201 P-I and 9508202 P-2 were coll巴ct巴dat loc. G， Kami-Nayoro from the 
riverb巴dof the Nayoro River. Th巴s巴rocksalso incllld巴Pi.ζeasp.2. Althollgh th巴originalsourc巴
rock is lInc巴rtam，two speclm巴nswere probably d巴F1V巴dfrom nearby S3 b巴d
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Descriptiol1 
Cone structure .-Con巴sare oblong-cylindrical 2.5-3.0 cmlong and 1.1-1.3 cm at their widest 
diam巴ter.Th巴conebas巴isbluntly rollnded while the apex is slightly aCllte. Nlll1erOllS oVllliferolls 
scales are arranged spirally arollnd the axis. Se巴dsare left within the cones. The existing of seeds 
indicates that Picea sp.3 is possibly il1matllre cones. The scale apices， rather than being closely 
imbricated as in immatllre Picea cones， stand slightly apart from one another in the fossils as if they 
had opened fully and later retllrned to a partially closed position. 
Cone axis.-not examined 
Bract.-Bract is fllsed 0日itsadaxial side to the associated cone scale for a distance of 0.5 mm 
The abaxial side of the bract opposite the area fused to the scal巴isinflated， and forming a distinct 
keel like projection. The thickness of the bract is 60-100μm at its middle. The bract is constructed 
mostly of one-two layered parenchyma cells， 20-50μm in diameter. Resin canals are not examined 
of the central bract-trace. Detailed strlctll官 ofthe vasclllar strand are not examin巴d.
OVllliferolls scale.-OVllliferolls scales of these cones have a spatlllate shap巴 Theyare abollt 5-
10 mlll wide where they diverge from the axis， reach a maximllm width of abollt 13 mm 
Concllrrently， the scales taper gradllally from a basal thickness of abollt 1.3 lllm to approxilllately 
0.8 mm midway along their length and finally thin to abollt 0.2 lllm jlSt behind the apex 
Oivergence of the scales from the axis is not exal1ined 
The scale base is constrllcted l1ainly of the nearly flattened vasclllar strand. The band of 
sclerenchYl1la lies on its abaxial side and parenchyma is sitllated on the adaxial side. On the adaxial 
side of the scale the parenchyl1la extends l1ledially fonning an wealくinter-seminalridge pO.lsessing 
abOllt 1.5 mm high between the seed cavities 
At least two SOI1l巴timesfour resin canals enter to the scale base. Two of them enter adaxial 
parenchyl1la tisle and other two are located in each lateral margin of the scale. Th巴canalclosest (0 
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each lateral margin of the scale bends arollnd the vascular strand and enters the sclerenchyma， who日e
tissue is abaxial to vascular strand. Each canal then divides a few til1es to make up 1l0re resin 
canals. This disposition of resin canals is reported to be unique to cones of Picea (Radis， 1894; 
MilJer， 1970). Two resin canals enter to the abaxial side of vasclllar strands through the ribbon 
shaped secondary xylel1 of vascular strands. 
The scale thins as it curves around the seed cavities， and the vascular tissue breaks i円to15ー17
separate strands. Ground tissue of the scale at this point consists of parenchyl1a forming lhe adaxial 
side of the scale at base. BlIt they loose a lot of lacunae in the median region between abaxial and 
adaxial su庁ace.Transverse sections of the scale at its widest point show lIP to 19 vasclllar strands. 
The abaxial and adaxial parenchyma layers are thinner. 
Where the scale narrows to form the rOllnded apex， the sclerench yma and resin canals clisappear. 
At this point the scale consists only of a few smalJ vascl1lar strands within a smalJ山nountof 
interfascicl1lar parenchyma which is bounded adaxial and abaxial by dennal tisl1es with 1-2 cell 
layers thick. Just beyond this point， the vasclllar strands and parenchyma fade out with relllaining 
the scale apex and make lIP only of the dennal tissue 
The adaxial scale canals continue to the distal part of the scale dividing into a small nllmber of 
canals. The abaxial scale canals are divided into 10-12 ca円alsarranged in a horizontal line. The 
other canals are diveded into 9-1 1 canals arranged in a horizontalline inter vasclllar strands and 
abaxial side. The thinner of the scale just behind the apex， indicates that it ml1st have been papery 
Seed.-Two seeds were fonned 0日theadaxial sllrface of each scale separated by a low 
interseminal ridge. The size of the seed is 0.8-2.2 mm indiameter with wing in transverse section 
The seed body ovoid， 2.0-2.5 x 1.4-2.0 mm indimension. A wing extends from the charazal end 
of the seed. However its length is not measured. Three layers are defined in the seed coat: inner and 
ollter layers of thin-waJled parenchyma， and a middle layer of 2-3 ceJllayers of thick-waJled scleroid 
cells，abol1t20μm日1diameter. The seed coat lacks resin canals. Disorganized rel1ains of embryo 
68 
tisslles occur in.al se巴ds.
Affinity and discussion 
Picea sp. 3 ischaract巴rizedas small sized con巴，papery-thin scal巴apex，and 6 JllaXilllllm nllmb巴rs
ofl官sincanals in scale scler巴nchyma(Tables 7， 9). Comparison with pinaceous gen巴rais referr巴d
to the form巴rsections of Picea sp. 1 and P. sp.2 
Among the巴xaJllI日巴dextant sp巴CI巴sPicea sp. 3 issimilar to the sect. Cιsicfa speci巴sin having 
papery-thin scal巴apex. Picea sp. 3 issimilar to western North Am巴ricanextant species， P 
pungens and P. engelmanii in having 6 or 4 maxiJllum number of陀sincanals in scale 
scl巴re日chyma. Furthermore， Picea sp. 3 diff，巴rsfrom Japanese extant species， P. jezoen，弘sIn 
having 2 maximum numb巴rsof resin canals in scale sclerenchYl1la. However， accurate affinities are 
dificllt to detennine， because th巴l巴isno anatol1lical data of scler巴nchymain pith and resin canals in 
vasclllar cyli日derofaxis of Picea sp.3. Picea sp.3 also diff，巴rsfrom both P. sp. I and P. sp. 2 in
having woody apices of con巴scales
Picea sp. 4， leaf 
(Fig.74) 
Materials and occurrence 
Fiv巴l巴avesat巴collectedfrom the S3 bed; specil1lens nos. 960928-IA and 960828-2A from th巴
loc. C， Itoge-no-taki along th巴Rube-no-sawa，no. 960929イAfrom the loc. F in the riverbed of the 
Sanrll River， and nos. 950714ABbIV and 950714CtIII-2 at Kami-Nayoro， frol1 the loc. G in the 
riverbed of the Nayoro River. Althollgh the original source rocks (except for the specil1lens from 
the Rube-no-sawa) are unc巴rtain，the specimens were probably deriv巴dfrom n巴arbyS3 bed as the 
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cas巴ofoth巴rsilicifi巴dplant I巴mams
Description 
Following d巴scriptionis bas巴don the cross section of leav巴s. L巴af-shap巴isglladranglllar， 
wid巴Iyobtrulat巴outlin巴， amphystomatic with stomatallines on fOllr faces. Th巴SIZ巴ofth巴!巴afis
0.9-1.0 x 0.8-1.0 mm indim巴nsionin transv巴rs巴5巴ction.Slightly sunk巴nstol1ata which <lrrang巴d
in one to thl巴 lin巴son巴achface， are巴xamm凶 oneach face. 
Epidermis is compos巴dof singl巴lay巴rof rounded sguare c巴Is，12-15 x 8-13μIII in dill巴nSlon
with c巴Jwalls J.5μ l1 thick. 
Hypoderl1is is compos巴dof 1l0stJy on巴c巴IIlay巴r，13-15 x 10-12μIII in dim巴Ilsionwith walls 
slightly thick巴rthan thos巴ofepid巴f1TI1s.
Resin canaJs with 150-250μIII in diameter， are lllarginally located just insid巴hypodennisand on 
both near lateral ridges. Resin canals aJ巴巴ncircJ巴dby 15-20 epith巴JialceJls with thin-walled and 
spindJe olltline. 
SingJ巴vascularbundJ巴ismnning in central area of leaf. Th巴bllndl巴iscOl1pl巴t巴Iy巴ncircJ巴dby 
weJI-diff，巴rentiat巴d巴ndod巴nnisconsisting of 12-1 6 numbers of cells， circllJar-elliptical OltJ in巴.Th巴
size of巴ndod巴rmisis 320・370μmin diameter. Endoderlllal cells are 25-35 x 40-75μml1 
dimension， with walls 1.2-1.8μm thick. P巴ricycJe，transfllsion cells， xyJ巴ll1and phloelll are 
SOIl巴whatlnc)ear becallse of poor pres巴rvation.XyJ巴mis arranged in 4-6 lay巴rs，and Jocat巴din
adaxial part of vasclllar bllndl巴.Singl巴massof phlo巴Ifib巴rswith 5-7 c巴Ilsis diぉcernibl巴onabaxial 
sid巴ofphJo巴Ill.The shape of巴achfib巴ris polygonal outline， 25-35 x 15-25μIII in dim巴日sion，with 
walJs 4.0-6.5μIII in thickn巴s
Mesophyll consists of palisade and spongy tissues， 4-7 c巴Isthick in total， thick巴ron abaxial side 
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than adaxial one. Th巴yare not differentiated， slightly discernible and consisting of cells with 
elongated slightlyangular outline， 25-70 x 25-40μ l1l in dimension， with 1.5-2.0μl1 cel walls in 
thickness. Intercellular spaces are not apparent. 
Affinity and discussion 
Three fossil and eleven extant leaves are compared and recognized some relationships among 
them (characters of extant Picea leaf refer to Matsumoto et al.， 1994; Table 8). Picea sp. 4 is
characterized by an obtmllate outline in cross section， amphistomatic leaves with several lin巴sof 
ぉtomataon each face， single resin canal touching the hypodermis of both abaxial faces near the lateral 
ridges， a single median vascuJar bundle divided into two parts by a medullary ray， mesophyll that is 
scarcely differentiated into palisade and spongy tissues， a general single layered hypodermis is seen， 
and a single mass of two or three layers of fibers on the abaxial side of the phloem. 
立立出:ロ立呂血盟組f
The leaf form and two resin canals are characteristic of some genera of Pinaceae (Faljon， 1990) 
Of these genera Cedrus， Larix， and Picea have the guadrangular outline in cross section. However， 
Piceαsp. 4 isdistinguished froll Larix which has a discontinuous hypodermis restricted to each 
ridge and resin canals injust lateraJ ridges (Fmjon， 1990; Ma回 motoet al.， 1994). These specimens 
also differ from Cedrus which has two separate vascular bundles. Thus the specilllens are assigned 
to genus Picea. 
Picea sp. 4 isassign巴dto the mel1lbers of subsects. Picea and Pungenre白cin having fOllr-faces 
with stol1lata on each face. Picea sp. 4 isdistinguished from P. nakauchii by their larger size of 
resin canals， having about 10 til1les more larger (Matsllmoto et al.， 1994). NlImbers of epithelial 
cells is more than those of Picea nakauchii and examined extant species (Table 8). Among the 
71 
extant species， Picea sp. 4 resembles P. glelmii (Fr. 5chmidt) Masters (sect. Picea，日lbs巴ct.Picea， 
series Rubentes ) inhaving Jarge resin cunals and more th臼日 15 nllmbers of epithelial cells 
However， Picea sp.4 differs from P. glelmii whose hypodermal cells ar巴arrangedin two-Iayered 
at the abaxial side of leaf. 
Since examined species are about one third of al the extant Picea which are mostly belonging to 
Japanese species， detailed stlldy abollt Asian and North American species will be needed. 
Picea sp. 5， leaf 
(Figs. 75A， B) 
Materials and occurrence 
Four specimens were collected at Itoge-no-taki from the Ibc. C (specime口nos.9507 I 4ADC; 
960928-1B) and from the Joc. F， inthe riverbed of the Sanru River (specimen nos. 960929-1B and 
2B). Although the original source rocks ure uncertain， later two specimens were prob且blyderived 
frol1 nearlコY53 bed as the case of other silicified plant r巴mal1s.
Description 
Leaves possess 1.5-2.0 mm inwidth and 0.8-J.O 111m in height， three faced， triangllJar shape in 
cross section， stomata in 2 bands on abaxial side， two Jarge sized resin canals just below tl1巴
hypodermis on adaxial face 
Epidermis is composed of only single layer of roundish sql<lre cells， 7.0-10.0 x 5.5-8.0μmlll 
dil1ension. Hypodermis is composed mostly of one cell-Iayered which are llniforl1l in size and 
forl1， sql日re，10.0-12.0 x 8.0-10.0μm in dimension， and are compactly arranged insid巴
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巴pid巴rl1is. Stomata are slightly visibl巴becalls巴oftheir poor preservatio日
Two resin canals with 130-180μm in diall巴t巴rm巴locat巴djlst inside hypod巴rl1lisand on abaxial 
half. Canals are encircled by 10-13 epithelial celJs which are thin walled spindle-like olltline 
Olltside of the epithelial celJs is巴ncircledby almost same nllmbers of cells 
Single vasclllar bllndl巴isrllnning in the central area of leaf. Bllndle is cOlllpletely encircled by 
well-differentiated endod巴rmisconsisting of 12-16 celJs and 180-280μ111 in diameter. Th巴shape
and size of endodermal celJs are elliptical or elongated elliptical， and 25-55 x 20-28μml1 
dill巴口sionwith waJls 1.5-2.5 μm thick. PericycJ巴isconsisting of 1-3 layered parenchyl1latolls 
cells， polygonal olltline， and 20-35 x 18-25μm in dimension. Xyl巴mand phloel1 are not clea. 
becilllse of poor preservation. Single mass of phloem fibers， 5-7 celJs are discernible on abaxial side 
of phloel1. The fiber possess polygonal in olltline， with thick walJs 
MesophyJI is consisting of paJisade and spongy tisslles with 2-6 cells high in total， and is thicker 
on lateral side than adaxial and abaxial ones. Palisade tisle is slightly discernilコleand consisting of 
mostly one to two celJ layered with sellli-angular oltlin巴， 30-50 x 20-35μm in clil1ensio日，tOllching 
I日sideof hypodermis. Spongy tisle is located inside of palisade tisle composecl of on巴tofour 
layerecl rOllndish ceJls， with 30-70 x 20-38μm in dimension. 
Remarks 
Picea sp. 5 ischaracterized by three-facecl， triangular olltline in cross section， epistomatic 01 
epiamphistomatic stomata in 2 bands on abaxial side， two large sized single resin canals tOllching the 
hypoclennis on abaxial face 
For comparison with Picea sp. 5， here lS巴dtwo extant species in two sllbsections;Sitchenses， 
Picea jezoensis (Sieb. et ZllCC.) Carriere， from Sakhalin (Materials by Watari) ancl Omorikae， P 
73 
) 
brewerialla 5. Watson (Fmjon， 1990). They exhibit two or three faced leaves with stomatal lines on 
only on adaxial face 
Picea sp. 5 isdifferent from P. jezoensis in having flattened leaf form. two layered hypodennis 
(partly tllree layered). 1n Picea brewerial1a， palisade parenchyma is well developed in the abaxial 
sicle， and vascular bundle is relatively narrow. Picea sp. 5 cannot be assigned to reliable extant 
species because of the small amoun! of examined two-three faced extant species 
Piceαsp. 6， wood 
(Fig.76) 
Materials and OCCUITence 
Waslled out three specimens nos. 960830-1，2，3 were coI!ected at Kami-Nayoro froin the loc. 
G， the riverbed of the Nayoro River. Other three specil1ens n05. 980728-1，2，3 were collected at 
the loc. BIII， frol1 the scoria rich horizon in the 2nd cycle of the upper， cliff of the Rllbe-no-sawa. 
These woods ar官 rangedabollt 10-20 cm in diameter， and 25-30 cm in length withollt barks. The 
original source rocks of the former species are uncertain but they are probably came frol1 the 53 
bed 
Descl'iptions 
ConiferOllS wood has both vertical and horizontal resin canals 
Growth rings are distinct. Transition frol1 earIy woocl to late wood is gradllal and bands of late 
wood show mostly 13-25 cells in width 
Longitudinal tracheids are 1l10stly llniform in cross section， blt in the transitioJ1 zone， sl1alel 
cells at官 encollntered.Late wood tracheids are flattened squalιs in shape with slightly rounded 
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corner. Radial dial1巴t巴rof trach巴idsgradllally decreases from early wood to late wood， .yith巴nd
walls wh巴nadjacent to epithelial cells is encircling axial resin canals and on the wall with borderecl 
pits. Longitlldinal resin ducts are located prim日口Iyin th巴transitionzone， with circlllar or long-
elliptic olltline， and 30-45μm in average dial1eter in cross section. Axial parenchyma is gen巴rally
not visible. 
In early wood， ray is measureclllp to 50μm in cliamet巴r，and thickness is lIP to 2μlll. ln late 
wood， ray is measured up to 6-25μm i n diameter， a日CIthickness is up to 5μm. Numb巴1・Sof 
bordered pits are nllmerOllS. They are larger and rOllnd on the radial wall in early wood， and 
showing on巴orrarely paired in part. Tangential pitting are founcl in the last few rows of late woocl， 
with radial dial1eter of 8-25μm. Spiral thick巴ningis found only on the wall of late woocl tracheids 
in the .first few rings・
Ray tracheids with irregular contour on the margins are oft巴nwavy. Walls are generally not 
smooth with fin巴clentation.Not fregu巴ntlyindistinct spiral thicknings are found on the corner. 
Borderecl pits are present 
Ray parenchyl1a c巴Isare repr官sentingthick walled with inclentures and encl walls are nodular. 
Cross field pitting is piceoid type， and 2-6 per cross fi巴Ic， with 15-25 x 7-10μm in di日記ns!On.
Shape of ext巴riorborders of pits in ray tracheids is more or less angular in transverse sectio日
Epithelial cells ofaxial resin canals are showing g巴nerallythick-walled， not infreguently withト2
thin-walled c巴Isal10ng th巴11. The siz巴ofthe巴pith巴lialcells is 20-50 x 10-20μm in dimension 
ancl their end walls are nodular. Epithelial cells of radial resin canals are generally composecl of 
thick-walled cells. Resin dllcts are lIsually surrounded by 10-15 epithelial cells. 
Resin canals are cOll1l11only solitary， sometil1es are cOl1ing to lie clos巴1Y to each oth巴r.Bord巴red
pits are chiefly巴ncountered.Th巴shapeis circular or slightly elliptic outline with 5-10μ1111日
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j 
diamet巴l
Rays are commonly unis巴nate，rar巴Iybiseriate， and fllsifonn shape with 1-22 cells in height， and 
representing as opposite pits. 1n tangential section， llniseriate rays are rectanglllar or somewhat long 
oval with l1l11nerOUS up to 22 cells in height and freguent distriblltion of ray height. Fusiform ray is 
scattered and not nllmerolls， with one 01' rarely two radial resin canals in central part， with llniseriate 
wings on the llpper and lower margins of which h巴ightIp to cells. Consisting of ray parenchyma 
cells and ray tracheids are very low nUl1bers with 1-2 cells in h巴ight(only ray parenchyma cells and 
ray tracheids are fOllnd). Ray tracheids are generally located on the llpper and lower l1argins， 
occasionally ins巴rt巴dbetwe巴nray parenchyma cells， g巴n巴rallyhavingト2rows 
Axial resin canals are mostl y found in late wood and transitional area between late and early 
wood， occasionally wanting from the area of late wood rings. Th巴resincanals are巴ncircledby 
巴pith巴lilllgenerally in 1 row， partly 2-3 rows， with 60-120μm in tangential dial1leter. Radial resin 
canals are found in fusiform rays and巴ncircledby epitheliul cells. The nllmbers of the epithelial cells 
rung巴6-9. 1n the widest centraJ part of th巴fusiformrays， they directly contact with axial elem巴日t5，
not b巴ingwith any other ray cells between th巴min the tang巴ntialsection.Their tangential di日l1l巴terIS 
measured Ip to 30-50μm. Tylosoid is projected into radial and axial resin canals with thick walled 
and sometimes thin-walled， rareJy with pitting. Frol1l these characteristic feat山巴5the5e specim白lS
出巴assignedto genus Picea 
Remal'ks 
Picea sp. 6 isa coniti巴rwood， becalls巴itis characterized by the presence of both vertical and 
horizontal resin canals目 Otherremarkable anatomical featllres are following; th巴pittingof ray cells 
is the so-calJed abietineolls， spiral thicknings are pl巴日巴円tonly in the late wood tracl1eids， resin canals 
are absent at bOllndary of annual ring丸山1dcross-field pitting is piceoid type. Th巴5巴featl res are 
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c1early inclicated dlat it has affinities with Pseudotsuga or Piceα(Watari， 1941 b， 1956; SuzlIki， 
lゆ982わ).Howev巴er，t山h巴woods託trlctl山1巴ofP. 
巴pith巴elialc 巴Is (lIS乱叩lIally4-6 cells) of horizontal resin 日lCaI日lalsand also by taxodioicl cα1'0 日s-f白1巴Ic pi此tllg.
Therefore， the Picea sp. 6 surely belongs to the genus Picea. 
Four species of fossil woocls belonging to Picea are known from the Miocene苛Japan (Watari， 
1941 b， 1956， Suzuki， 1982). Picea cf.jezoensis Carr. (Watari， 1956) c1if，巴rsfrom this fossil by 
its absence of spil司1thicknings in tracheids. Picea wakimizui (Watari) Watari (1941 b， 1956) differs 
froll P. sp. 6 by the absence of spiral thickening in the early-wood tracheids. Picea 
paleοmaximowiczii Watari (1956) and P. cf. maximowiczii Regel (SlIZlki， 1982) show 
differ，巴ncewith P. sp. 6 by the presence of resin canals at bOllndary of annllal rings. 
As the result， Picea sp. 6 isprobably distingllished from P. m{/xunowicui ， P.cf.jezο四日isand 
P. wakimizui. On the basis of these wood anatomy， Picea sp. 6 has the closest affinities with 
extant species of Picea. 
Family Pinaceae L. 
Genus Tsuga (Endl.) Carriere， 1855 
AIl hemlocks， a smalJ genus of 8 species are discontinuous at present and mainly divided into 
four regions in westel1l and eastern North America， Japan， and China (EJias， 1980; FaJjon， 1990). 
This genus contains two sections: sect. Hesperopeuce containing one species from western North 
Alllerica， and sect. Tsuga having other 7 species. Four species occur in North America -2 in the 
East， and 2 in the West， 2 in Japan (not in Hokkaido)， and 2 inAsia (Taiwan and scattered across of 
Ilountainous eastern， central and westel日Chinaand Himalayas). However this genus is ab日ent
from most of the broad zone of the northern conifer forest biome， where a nlllllber of other genera in 
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Pinllceae al巴common(Florin， 1963) 
Stratigraphy， fossil species (with r巴liabl巴巴xtantspeci巴s)，and extant speci巴swith theiI 
distriblltion of Tsuga are listed (Miki 1941， 1957; Tanai， 1961; Tabl巴 10).Tsuga occllrred in the 
mantlme provlllc巴sofEast Sib巴riaduri ng th巴Eoc巴日e，in Europ巴， Japan and west巴rnNOrlh America 
during th巴Oligo-Mio-Plioc巴円巴(Ax巴Irod，1976). Only one Eocene species from coastall巴gionof 
Okhotsk and no fossil remain is r巴portedfrom east巴rnNorth America (Florin， 1963). Bllt it is lik巴Iy
that Tsuga was distribllted th巴reat least in N巴og巴日巴 time(Fmjon， 1990). Som巴fossilsp巴ciesref，巴l
to the extant sp巴cies，but other fossils can not be compared widl them. How巴V巴r，the leaf anatomy 
of the Shimokawa species gave a detailed comparison with extant spec巴IS.
Section Tsuga (Endl.) Farjon， 1990 
Tsuga shimokawaensis， Matsumoto， Ohsawa & Nishida， 1995，leaf， 
in J. PI. Res. 108: 417-428， Figs. 1，2 
Remad(s 
Tsuga shimokawaensis which was assigned to new speci巴sof s巴ct.Tsugoare cOl1pared with 
those of e，xtant species of Tsuga (Matslll1oto et al.， 1995). Most of the taxonomic works abollt 
extant and fossil sp巴ciesof Tsuga used a few characters of 1巴afand cone (Soar， 1922; Downi巴，
1923; FlollS， 1936; Farjon， 1990). As far as 1 know， there was no gen巴ticwork on this taxa. 
Tsuga shimoιawaenSls 1官民mblesth巴extantspeci巴sT. heterophyll.a in having uSllally on巴C巴1-
lay巴redhypodennis， and T. sieboldii in having mesophyll c巴Isbetw巴巴nth~ resin canal and the 
hypoderl1is. How巴vel・，Tsuga shimokawel1sis is charact巴IlZ巴dby a narrow resin canal whos巴
diameter is on巴ーto-two-thil由 ofthose of al extant species exal11川巴d(Matsllmolo ef al.， 1995). 
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Family Taxodiaceae 
Gel1us Glyptostrobus El1dl.， 1847 
At present， the genus is confined to a relict area in south-eastern China where is probably a Plio-
Pleistocene prosperous regions as th巴East-Asiancenter (Florin， 1963). The single extant sp巴clesIS 
growing in swalllp and along water margins. However， fossil records sugg巴stthat Glypf()sfrobus 
is a.once widely distribllted genlls whose area has b巴enstrongly contract巴din the course of 
geological tille (Heer， 1855-1859， 1869; Florin， 1951， 1963; Miller， 1976; Basinger， 1981; 
Ohsawa， 1997). Three likely centers of distriblllion were fOllnd based on fossil distribution in 
W巴sternNorth Alllerica， incontinental Ellrop丸山ldin巴asternAsia. This g巴nusllay hav巴llladeits 
first appearance in the Late Cretaceous日1western North All巴ricaand its last fossil recorcl Callle frOll 
th巴Pleistoc巴nein EllrOp巴 AIIfossil species， Glyplo.l'trobus eu川'paeus(Bong) He巴r，G. 
l1ordenskioeldii (Heer) Brown， ancl G. orient，αlis Enclo are referrecl to extant Sp巴Cl巴sof 
Glyptostrobus pensilis (D. Don) K. Koch in its gross lllorphology (Heer， 1955-1859; Miki， 1941， 
1950; Tanai， 1961; Christophel， 1976; etc.). 
As for the fossil woocl material， Taxodio.λ:.1'1011 (Glyptostrobo.λ1'Iqn )ιunnulgham.i口id.ω，Watari 
(1948a) is common Tertiary species througholll the Northern H巴misph巴re(Florin， 1963; SllZllki and 
Hiraya， 1989) 
Glyptostrobus rubenosawaensis ， Matsumoto， Ohsawa， Nishida & 
H. Nishida， 1997a， leaf， branch wood， cone， and pollen cone， 
in Paleont. Res. 1: 81-99， Figs. 5A， D， 6-11 
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Remarks 
Th巴fertileand vegetative relllains of Gわ'ptostrobusrubenosawaensIs have been recoverecl as 
described in Matsumoto et al. (1997a) based on leaves， shoots， cones and pollen cones. Additional 
vegetative remains including small woods and twigs bearing polYl1orphic leaves were found. 
The trilllorphic leaves of Glyptosflοbus might have been assigned as Chα11αecyparis of the 
Cupressaceae or Cryptomeria and Taxodium of the Taxodiaceae (Christophel， 1976). Confronted 
with this kind of problems， the anatolllical study of Glyptostrobuδrubenosawαel1以， leaf just 
exhibits the taxonomic position as Glyptostrobus (Matsmnoto et al.， 1997a) 
The discovery of Glyptostrobus rubenosawどlensIshaving large cone size and prominent 
pl句巴ctionof the bract suggests some diversification within the genus in Miocene tille. Until this 
study， 1l0st of fossil relllains ar巴ぉsigneclto guite I巴selllbJal1ceof the extant species (WoJfe， 1994; 
Wolfe et al.， 1966; WoJfe ancl Tanai， 1980). Many taxocliaceous species of the LateCretaceous and 
EarJy T，巴rtiaryclosely resel1lbJe th巴irextant relatives， because their features are cOl1sid巴reclas directly 
ancestraJ form伺orin，1963) 
Glyptostrobus rubenosawaensIs is a good exampJ巴forexisting of some dev巴10pl1entaJand 
anatomicaJ modification but a JitJe gen巴ralmorphoJogicaJ change. 1n this case， th巴cJosely
resel1bJance between most organs of Glyptostrobus rubenos仙 vaellsisand extant speci巴swas 
examlll巴dand a few diff，巴renc巴sin the seed cone structure. It indicates mosaic evoJution within the 
genus. GlyptostrobιIS has evoJutionaJ very static 1l0rphoJogy with a few modification aft巴rT，巴rtiary
tim巴. 1t is indicative of a phytogeographicalJy strongly reJict nature for the extant genera with litJe 
morphoJogical change. 
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TaxodioxylOIl sp. (cf. Glyptostrobus)， twigs 
(Fig. 77) 
Materials and occulTence 
Many small branches were collected at ltoge-no-taki， from the S3 bed in the Rube-no-sawa. Six 
sp巴cimensnos. 970830ー1-5 and 903005-1 were examined 
Description 
Following descriptions are bas巴don small branches possessing less than 5 Ilm in diameter. 
The pith of slllaller branch is g巴nerallyabout 1巴sthan 0.3 mm indiallleter， and rhomboid lo squaJ巴
outlin巴incross section 
In branch wood， earl y wood tracheids are 10-19μm in tang巴日tialdiallleter with 11-25 μmlll 
radial diallleter and late wood tracheids are less than 14μ111 in radial diameter. Growth rings ar巴
distinct. De111arcation b巴twee日巴arlyand late woods is indistinct. Early and late woods are roughly 
eqllal in thickness and no resi日canals. Rays are 1 to16 cells high and ray cells are 12-15μmlll 
し旧ge日tialdiameter and 12-20μm high. ln generally， tracheids have a single row of pits on theil 
radial walls. Pitting is commonly biseriate and 8-12μIII in diameter. Ray cells are 45-70μ1111口
length. One to five taxodioid pits， 5-8μm in diameter， OCClll川 one，occaslOn日Ilylwo vertical rows 
1 cross日巴Id
Differ巴ncesbetween branch and trunk wood (see to after) are v巴rysmall. Rays山巴considerably
shorter in the branches. Many branches and twigs could have co口triblltedlo the assemblage of 
Taxodio.λylon wood. They are not just assigned to genus GlyptOSfrobus as th巴irown charact巴nstlc
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features. However， itmay highly b巴possibl巴toassum巴， und巴rthe mutual supports pl巴sentedby 
connected organs (with 1巴aves)and g巴ologicalinvestigations of the S3 bed， that this species guite 
possibly resembles genlls Glyptostrobu.¥ 
Taxodioxyloll (Glyptostroboxylon) cllnninghamioides， woods 
(Fig. 78) 
Glyptostroboxylon cunninghamoides Watari，1948a. 
in Bot. Mag. Tokyo， 61:日ー 14.
Taxodioxyloll CUI/唱minghamoides (Watari) Watari， 1966. in Bot. Mag. Tokyo. 79: 170， pl.7 
Sl1zuki & Watari， 1994. in J. PI. Res. 107: 64. Sl1zuki & Terada， 1996. in 1AWA J. 17: 370. 
MateI"ials and occurrence 
Five trllnks (specim巴日snos. 960929-1，2，970829-1 and 980703-1，2) collected at th巴loc.A1， 
n巴山byKosei-bashi， the riverbed in the Nayor River， and from the 3rd cycl巴in the lower part were 
examined. 
Descdption 
Growth rings are distinct and rath巴rnarrow 0.4-2.5 111m in width. Transition zon巴betweenearl y 
to 1日tewoods is l1sually gradual. Normal resin canals are absent. Growth rings vary in width from 
7-35 to as many as more than 80 trach巴ids.Early wood tracheids represent sgllarish to hexagonal， 
20-40 x 20-50μm or 30-55 x 30-70μ 日1in tangential and radial diam巴tersin respectively， with 
2.5-3.5μ111 thick cel walls. Th巴巴arlywood part is occasionally deformed. Late wood tracheids 
flat巴nedsquare in 10-15 x 25-45μm， with 3.5-4.5μm in wall thickness. 1n th巴growthring， the 
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horizontal walls of one or two wood parenchyma cells， with 3-8 simple pits in them， are commonly 
biseriate or uniseriate. Bordered pits on radial walls of early wood tracheids are arranged in 2-3 
rows. Rays have 1-25 cells height， and ellipses outline measuring 20 x 10μm in dim巴nsion.Cells 
of single row rays are particularly fusiform. Rays are usually uniseriate. Ray height varies greatly 
within a species and within a singl巴tre.Horizontal walls are relatively thick (1.5-3.5μ111). Wood 
parenchyma cells are fairly abundant， with thickening in their horizontal walls. Bordered pits are 10 
15μm in diamet巴r. A pertures are broad巴llipsesor ful circles "glyptostroboid" pitting. Tangential 
walls are usually smooth. 
Affinity and discussion 
Taxodiaceae comprise nine extant genera; Sequoia ， Sequoiadendron， Met，αsequoia， Taxodium， 
Athrotaxis， Taiwania， Cryptomeria， Cunninghamia， and Glyptostrobus. These genera are 
characterized by coml1on features and have been summ山izedby previous investigators (Phillips， 
1941; Ogura， 1944; Greguss， 1954). Th巴featuresare comparatively large size of elements， an 
abundance of scattered parenchyma， and relatively thin-wall巴dp山enchymatousray cells. The 
pl創1巴nchyma剖tousray cells provi凶d巴withfairly la副1E巴cαross-f日ieldp刊I“日 mostlyrang♂ng f日rOI日mth巴taxodioid
tωo t出h巴g剖lyptωostroboωidtげype.These features are undoubtedly faced within the Taxodiaceae. 
The following anatomical features are freguently used for the further s巴P山ationof the fam日y
(Watari， 1966). Sporadic occurrence of the traum日ticresin cavities has been reported only in 
Sequoia and Metasequoia. Some types of the cross-field pits are recognizecl， sllch 山 "cupressoid"
type in Taxodium， 'taxodioid' in Sequoia ， Metasequoia ， and Athrotaxis， ranging 1コetwee円
'''taxodioid'' and 'glyptostroboid' in 0ツ'ptomeriaand Taiwania， "dominantly "glyptostroboicl" in 
Cunninglul1nia and Glyptostrobus. The absence or presence of the pittecl-like or noclular thickening 
on the horizontal walls of tracheids. Well-"mark巴clnodular thickening are present only in Taλodium 
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日ndCryptomeria， while they are sporadic or rl1dimentary in the genera of Sequoill， 
Sequoiadendron， Taiwania， CW1l1inglwmia， Glyptostrohus， and Atll日taxis.
The species from the Mosanrl1 Forl1atio日isch8l'acterized by wide and distinct growth rings with 
narrow late wood， no resin canal， axial pare日chymadistributed in short tangential Iines i日thelal巴
wood， tal uniseriate rays and large crossfield pits with wide openings (as nal1ed as Glyptostrobus 
typ巴).Thus， this species resembles those of Glyptostrobus and CUl1ninghal1ia (Watari， 1 948a， b;
Sl1Zl1ki and Watari， 1994; Sl1zuki and Terada， 1996) 
Howevel・， it is dific11t in assigning to one genl1s and species. If the combination of organs， 
Sl1ch as leaf， cone and pollen cone with wood were found， the species w0111d be highly assigned to a 
target taxon. Compressed one seed cone and abl1ndant shoots with polymorphic foliage which are 
most possibly assigned 10 Glyptostrobus were fOl1nd near the loc. AI. An admixluJ巴ofrich organs 
of Glyptostrobus rubenos{lwaensis and no rel1ains of CunninglwmIa in the Mosanru FOJ'Jnation， 
investigate that this taxodiaceol1s wood species is highly referable to Glyptostro!ms. 
DivisiOl1 Al1thophyta 
Class Dicotyledonopsida 
Order Fagales 
Family Beiulaceae S. E. Grey， 1821 
Genus Allllls Miller， 1754 
Genl1s Alnus includes abol1t 25-30 species from the temperate to boreal and sl1barctic regions in 
the Northern Hemispher巴andAndes of SOl1th America at high elevations (Bailey， 1951; Kl1bitzki， 
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1993). Their most cOll1ll1on natlv巴habitatsare swmnps， bottom-Iands， nak巴dhillside ancl n¥l巴Iy
high mountains (South Am巴I"Icansp巴CI巴s)along streams (Schopmeyer， 1974). Most of alcl巴rsal巴
noticed al10ng th巴firstsp巴ciesto becoll1巴巴stablishednaturally on Jlany d巴nl1dedareas. Little is 
known about its transcontin巴ntalor isolated distribution (Furlow， 1979， 1990; Bousquet ef al.， 
1988). 
The g巴nusis subdivid巴dinto followihg four subgen巴ra(Kutヲitzki，1993): subg. Clethropsis 
(Spach) Endl.， distribut巴din Asia， remarkable for flow巴ringin autumn and poss巴ssingnaked buds; 
subg. Crematogyne Schneider， with stipitate two-scaled buds and solitary catkim九日strictedto 
おouth-centrulAsia; subg. Alnus， buds stalk巴d，with stipular scales，.inflorescn巴cesII race日lose
clust巴rs，of the Northern H巴misph巴reand And巴s;subg. Alnobetula Schur， shrllbby， buds 
slIbs巴sil巴，COV巴redby s巴V巴ralimbricat巴scal巴s，circmnboreal， predo日linantlysubarctic 
As for th巴fossilmaterials， 1巴av巴s，infruct巴sc巴ncesand白uitsare common at most localiti巴sin the 
Northern Hel1isphere， but no int巴rnalstructm巴hasbeen examined (Manchester and Crane， 1997b) 
Y句i1l1a(1932) report巴dthat Alnus incana var. sibirica Winkl. (subg. Alnus ) based on the leav巴s
fr01l1 the Mosanru Formation. Uel1ura (1991) reported that Alnus profohirsula Endo et U巴Jllura
(Sl1bg. Alnus ) frol1 the Middle Mioc巴n巴， in the Nayoro 1巴gionbased on the leave日s. It i5 1re that 
Sl1bg. AlnιIS had be巴nalready distinguish巴dfrol1 sutヲg.Alnobefulαbas巴don th巴1l10rphological
featl1res of S01l1巴fossilspecies (U巴mura，1988). Furth巴1"1101久fossilpollen attribl1tabl巴toAI山口 15
firstl y recorcl巴dfrom the Santonian， whil巴macrofossils show thatAlnus and Betula w巴reclearly 
differentiated by th巴Middl巴Eoc巴ne(Kubitzki， 1993) 
Monographic and anatomical. works are following: inf101巴scenc巴， infrl1ctesc巴nces，and fruits by 
Abb巴(1935，1938，1974)，Murai (1962，1963，1964)，白ndFurlow (1979， 1983， 1.990); 1eaves by 
Fl1rlow (1979，1990) and Takht句a(1982); woods by Hall (1952) and Takahashi (1996); poll巴n
grains by Morita 3nd Miyoshi (1988) and Khramova (1996); a110zy1l1e by Bow河口etetα1. (1987， 
1988) and Savard et al. (1993). 
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Subgenus Alnus Miller 
AlnllS (AlnllS) Sp.， infructescence， fruits and twigs 
(Figs. 79-83) 
Materials and occun-ence 
A washed out silicified rock containing ten Alnus con巴-likeinfrllctescence (specilllen日nos
950714-1-10) with frlits and attached short twigs， and sllal woods wel巴coll巴ctedby MI 
Nakallchi at Kami-Nayoro， from th巴loc.G， the riverb巴dofth巴NayoroRiver. This rock also 
contains Decodol1 s巴eds(Matsumoto et al.， 1997b). By their abllndance and association in on巴
rock， th巴evidenc巴sllggeststhat the infrllct巴scence，frlits and sllal twigs were po日siblyproduc巴d
froll a singl巴biologicalsp巴cies. Th巴originalsource rock is lnc巴rtain，blt it is probable that the 
specilllens were d巴rivedfrom n巴arbythe S3 bed as th巴cas巴ofoth巴rsilicified plant I巴mains
lnfruct巴sc巴nc巴ofsixt巴巴n巴xtantspecies froll Japan， Nepal and刊est巴rnNorth America w巴re
巴XmTIlll巴dfor comparison with those of Aln仏csp. (Tabl巴11)ー Alnusnepalen.口swas donated by 
Dr. M. Suzuki provided from Th巴UniversityMus巴llm，Uni、!ersityof Tokyo， and A. japonica from 
Chiba Prefl巴cturewer巴providedby Dr. Momohara， Faculty of HorticultUl巴， Chiba University 
Descril)tion 
T一自民回並主主
Bract.-Th巴foliarstructllre in whose axil a branch axis of the infrllctescence Ilay be xpected to 
an問 It is designat巴das primary， secondary， t巴rtiaryin accordance with the con巴日pondingterm fOl 
the position to axis (Crane and Stockey， 1987). ln longitudinal section， the each bract locat巴din fm 
from th巴attach巴dsmall twig is nam巴das adaxial part of bract， and locuted in neur to the twig is cal巴d
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h企区立孟盟主主
Infrllct巴sc巴nceshows cone-like structllre， elliptical in olltline with 18-20 111m long and 13-15 mm 
width. It is composed of approximately J 9-23 deeply trilobed bracts that are helically arranged and 
abollt J mm apart each oth巴rin longitudinal section. Bracts generally p巴rsistenton the axis of 
infructescence. Some bracts contain two winged fl山ts，blt oth巴rshave no fruits. 
亙盟主I
Bracts出ethick and woody. Size of the bracts are very variatヲleby depending on their positions 
Those near th巴baseand tip of the infructesc巴nce，(3.2-5.3 111m wide， 0.3-0.6 111m thickl are smaJJel 
than those of the middle， (5.0ー7.8mm wide， 0.5-0.8 mm thickl. In basal po出tion，the shape of 
bract which is closed to the infructesc巴nceaxis， and is thickened and cupped. IrreguJarly ribbed 
bract surfaces with no hairs on both adaxiaJ and abaxial sllrfac巴sare examined. One abaxiaJ and 
adaxial bract and two lateral overarching bracts in catkins are recognized 
Vasclllar bundles poss巴srounded to widely elliptical shape in olltline. The vascllJar bllndles 
originat巴asa smaJJ number， th巴nthey spJit to forming another two or three bundle日towardthe tip of 
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the bract. The vascuJar bundles in th巴adaxialbract separate into two to fOllr (Table J4). Abaxial 
one is examined as one to fOllf in nllmbers. Each lateraJ ones se仰rateinto one to five in numbers 
The size of vascular bundJes varies with their position， fro日1the basal to the tip. Th巴sizeof abaxial 
bract is about 400-500 x 220-300μm in dimension， adaxial and Jateral ones are examined as J 80-
280 x J 50-250μmindim巴nsion.They are compos巴dof secondary xylem， phJoem and 
sclerenchyma ceJJs. In the abaxial part of the large vascular bundle consists of 7-J J filecl polygonal 
xylem ceJJs and 3-6 filed phloem ceJJs. In the adaxial and abaxial parts of the bract， l1any 
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scler巴nchYl1atouscells are visibl巴
Epidennis consisted of a singl巴layeredcells with thick wall. The shape of its c巴1is squarish in 
olltline with 8.0-10.5μ111 in dial1巴ter.The hypodennis is cOl1posed of one to thre巴layeredelliptical 
cells with 10.0-13.5μ111 in dial1etel 
FlIndal1ental tissue consists of parenchyma c巴Ilswhose shap巴ispolygonal， elliptical and 
rOllnd巴doutline and 50-75 x 10-35μm in dil1巴nsion.Th巴s巴cellsare moderately thinner towards 
the both abaxial and adaxial faces. Near the adaxial face， these cells occlllded an identifiable black 
SlIbstanc巴s.
註凶旦
Fruits ar巴small，lens shap巴d，with laterally elongated wing at each laterall1argin of th巴frlits
bocly in cross section. Th巴surfac巴ofthe fruits is smooth and th巴sizeof the frlits bocly is 1250-
1400 x 480-550μm in dimension. The wing is thicker at the conn巴ctivepart with frlit body and 
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in length， and 350-500μm (near th巴frlitsbody) to 25-110μm (at the lateral ends) in width. 
Ollter and in日目 integumentlayers ar巴examinedas 8 x 12μmand5x 13 μm indimension， in
respecti vely. 
Tl性主主'ood
Small twig is connected to the infrllctescence at its basal part. AlI of the twigs are very small， 
and ar巴measllredby 1.5-2.5 111m in diameter 
In transv巴rs巴s巴ction，diffllse-to semi-ring porollS is present. Pores ar巴moreor less CI巴nsely
packed in radial files and groups. Growth ring bOllndaries in proximity of aggregate rays are 
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undulating. Fibers are arrang巴din radial rows. Parenchyma is diffuse and apotl日ch巴al.Triangular 
shaped pith fl巴quentlyrepresents as f1ecks. 
1n tang巴ntials巴ction，rays aJ巴uniseriate，and up to 20 c巴Ilshigh. Aggl巴gat巴raysar巴showing
oft巴nbi-to tris巴nat巴rows(Tabl巴 12;Figs. 79D， E) 
1n radial s巴ction，scalariform perforation plates are having 1l10re than 20 banミ RaysaJ巴
hOl1ogeneous and ray-vess巴1pits are relativ巴Iysmall. Libriforlll fibers are predominant. 
Affinity and discussion 
Alnus sp. is easily distinguish巴dfrom oth巴rBetulac巴aeby th巴p巴rSlst巴ntwoody bracts which 
consist of four to fiv巴lobes(other genera of Betulaceae are possessing thin， deciduous， three-Iobed 
bracts) (Kubitzki， 1993). Th巴fruits，borne two to a bract， hav巴wingswhich are elongating 
laterally. Th巴wingsare occasionally reduced to II巴reridges. 
Uneguivocal assignm巴ntof fossil species to extant speci巴sof Alnus is difficult， becaus巴th巴
problelll is compounded by a few lllorphological data about extant infl 日ct巴scenceof Alnus. Alnus 
sp. is compared with 16 extant speci巴s(including 1 ¥iariety) in three sutヲg.Alnus， Alnobelula， and 
Clethr口'psis(Tables 11-13). Among them， Alnus sp. 1 [巴presenting<1S large vascular bundle 
consisting of 7-11 filed polygonal xylelll cells and 3-6 filed phloem cells is sillilar to th巴Alnus
hirsuta Turcz. in having larger vascular bundle， 10-15 filed squarish xylem cells and 4-8 filed 
phloem cells 
Ea巴hvascular bundl巴lookslik巴acculllulatingsecondary xylel1 and fonns a rough sophonostele 
The cours巴ofth巴closeassociation of th巴primarybract bundl巴withto the second山γortertiary on巴5
is not cl巴ar.1n the vascularization of th巴bract，there is a Iitle difference b巴tweensutヲg.Alnus and 
Alnobetulα. The examined巴xtantspecies of subg. Alnus and Clethrop.引sare repl巴senteclas l1any 
vascular bundles and extant species of subg. Alnobetula is characterized in having som巴vasculal
bundles at the ad以 ialportion of the bracts. Abbe (1935) described that the terliary v，L~cular syst巴ms
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of sl1bg. Clethropsis and Crenwstogyne are similar to thos巴ofsl1bg. Alnus 
Furth巴nnore，aggl巴gaterays of Alnus sp. al巴W巴1d巴velop巴d(Tabl巴 14).This f巴atures(¥1巴
fOl1nd in both Sl1bg. Alnus and Cremat，口gyne.On th巴otherhand， no aggl巴gat巴raysal巴fOl1nclin 
sl1bg. Alnobetula. 
Alternate pitting of intervascular pitting of Alnus Sp. is common. The characteristic evicl巴ncels
recognizecl in subg. Alnus但al，1952;引rlow，1979). Thick巳neclfruits wing of Alnus sp. is 
assignecl to sl1bg. Alnus. Subg. Alnobefula and Clethropsis have thin wings (Table 13) 
Basecl on the infrllct巴scence，fruits， twig woocls， numbers of vascular bl1nclles， thicker wings， 
aggl巴gaterays ancl alternate pitting of int巴rvasclllarpitting， Alnus sp. possibly belongs to slIbg 
Alnus. W巴neeclmore comparative stucly using primitive sp巴ciesof subgen巴raClerhropsis ancl 
Crel11.atl口gyne
Family setulaceae 
Genus Ostrya Scop.， FI. Carn.， 1772 
Genlls OSfrya contains eight sp巴ciesof clecidl10ls shrllbs with rol1gh， scaly. bark， rarely trees， 
which are not wicl巴Iyclistribl1tecl in temperat巴zon巴ofthe North巴rnHemisphere (Elias， 1980; 
KlIbitzki， 1993)ー One species occllrs in Mexico， another in ElIrope ancl west巴rnAsia， thl巴巴 11
巴ast巴rnAsia ancl Japan， ancl three in North America. OSflya is atai日inga maxilllllm h巴ightofless 
than 15 II ancl 13-25 cm in cliameter ancl short-livecl tre. Th巴clistinctpoplllatioHs of OStl1'(I in the 
mOllntains of Mexico hav巴E巴日巴rallyb巴巴nconsicl巴reclto b巴consp巴cificwith th巴Sp巴CI巴sof the eastern 
USA (FlIrlow， 1990)ー Ostl)'(I is oft巴nfOllncl in water-Iogg巴clor nl1trient poor habitats on sancl ancl 
peat cluring the early succession 
As for the fossi 1 mat巴rials，fruits cliagnostic of Ostlya was fOllncl in the Early Oligocen巴(Crane，
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1981). As for the fossil wood materials， Ostrya l1lol1zeneinsis M. SllZllki ef Watari (1994)， from 
Noto Peninsula in the Early Miocene， and O. hachiyael2sis K. Terada ef M. Sllzuki (1998)， from 
Gifu Prefectur巴inth巴low巴rMiocene were describ巴d. As far as 1 know， other than these Japanese 
sp巴cies，ther巴isno fossil data from North AI1l巴rica，Europe， and western Asia 
Materials and occurrence 
Ostrya sp.， wood 
(Fig. 84) 
Anatol1lical inv巴stigationwas mad巴insix sal1lples (sp巴cimens日os.98070512A， B， E， F， G， 
H). Th巴ywere collected at the loc. AII， betw巴巴nMosanru-bashi and Kosei-bashi， th巴fIV巴rbedof 
the Nayoro River in the 4th cycle of the lower part. The size is ranging 4-17 cm in diam巴terand the 
sizes of wood巴l巴m巴ntsare mainly d巴scribedbas巴don nos. 95070512B and 12G 
Desuiptions 
Wood is diffus巴porous.Narrow growth rings are distinct and marked by difference ranging 0.5 
-1.4 mm. The size and d巴nsityof pores between late wood and early wood are variabl巴.Outer part 
of the rings is very narrow. Th巴numbersof annual growth rings are counted as 18-60 years 
Bark is thin with 2 to 4 mm thick. Pith is circlllar to slightly angular in outlin巴incross section. 
Pores are ev巴nlydistributed， many 75-1 20 (mean 90) / mm2; blt I巴lativ巴Iyscarc巴inlate wood; 
soIitary and in radialmultiples; solitary pores 64 %; multiples consist usually of 2-4 pores. Solitary 
pores are semi-angular in outline，with small， 20-55 (av. 32)μm and 25-75 (av. 45)μm I n 
tangential and radial diameter in early wooo with thin walled 2.0μ 1l. Pore dial1let巴ris sl1lal巴I
91 
toward the growth ring boundary in late wood. Tyloses or gllm-like deposit日日renot observed. 
Intervessel pits are alternate， llinlte and crowded， possessing 1.5-2.5μm in diam巴I巴i
Perfol白tionplates are mostly simple 
Imperforated tracheary elements， fiber-trach巴idsare constitllting the ground !l1ass of polygonal in 
cross section， with 15-30μm in diameter， walls about 3.0μm thick. 
Axial parenchyllla is present in radial section and its distribution is not c1ear. Crystals are not 
observed. 
Rays aI巴homogeneousand uniforlll in size， llsually one or two cells high， and 150-600μm 
wide， rather low and tal， mostly consisting of procllmbent cells， rarely upright and square cells 
intenningled in llniseriate rays or margins ofmllltiseriate rays. Uniseriate rays are 1-20 cells， and 
20-450μm high. Multiseriate rays are 2-3 cells， 15-25μm wide and 100-550μm high with 
lllarginal cels. Procumbent cells are 10-25μm high and 48-95μm long in radial section. Ray 
ve5sel pit5 are observed; small elJiptically， arranged alternately and nearly the same size as intervessel 
p山 Aggregaterays and crystals are not observed 
These six specimens cannot be differentiated on the basis of th巴irwood anatomy. 
Affinity 3nd discussion 
Promin巴ntcharact巴rsof these fossil woods ar巴:diffllse porlls with solitary and !l11ltiple pores; 
!l1ostly simple perforation plates; alternat巴intervesseland ray-vessel pits; parenchyma in llniseriate 
tangential bands; and narrow homogeneolls rays 
TotaJly this diffuse porous wood with thin-waJled， rath巴rsmall pores and uniseriate bands of 
wood parenchyma are known in som巴temperatefamilies: i.e.， Betulaceae， Stylaceae andぉome
oth巴1'5.Styraceae and Betulaceae except for C.αrpinus and Osflア'({differ fro!l1 the present f:ossil in 
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having predominantly scalariform perforations and heterogeneous rays. Although Carpinu.I' is 
similar to the present fossil， especially in the slightly simllltaneolls occurrence of simple and 
sometimes scalariform perforations， itdiffers in having radial pore arrangement with many radial 
J1lultiple pores and so口市tnn巴saggregate rays (Hall， 1952) 
Extant Ostl)'a japonica Sarg. and fossil O. hαchiyaensis show clos巴1・巴semblanc巴of O.l'/rya sp 
in having no scalarifonn p巴rforation(Ohtuni and Ishida， 1978; Terada， 1998). 0.1'11'.1叫 sp.diff，巴rs
froll fossil O. monzenensis frOll Noto P巴ninslllain having both scalarifor1l1 perforation plates and a 
small sized pores (Suzllki and Wata1'i， 1994)ー Based on above mentioned chal印刷isticf，巴atl1'es，
this fossil sp巴ciesis assign巴dto g巴日USOs/η'a by Dr. M. SllZllki 
Distinct v巴rynar1'ow growth rings betwe巴nlat巴and巴arlywoods just inside the bark are existed 
This featll巴islslaly 1'ega1'ded as a physiognomic adaptation to distinct environ1l1ental change 
Family Fagaceae Dumol'tier， 1829 
Genus Fagus L.， 1753 
The b巴巴chesconsist of about t巴日 speci巴sofm巴dillmto larg巴decidllollSt1'ee日to30 m in h巴ight，
nat1v巴toth巴t巴mpe1'at巴1'egionsin th巴No1'thernHemisphe1'e (Rlldolf and L巴ak，1974). There is one 
eastern No1'th Am巴ricanspecies and v巴ryclos巴Iy1'elated eastern Mexican speci巴s(in 1l0untainous 
region). Th巴remainingspecies are native to Ellrope，巴asternAsia and Asian minor. It grows best 
in 1l0ist loam soils with high humlls content 
Fossil American b巴echoccurr巴dmllch fl1'ther w巴stthan it presently do巴丸山ldthis genlls 1l1ay 
!日lV巴beenpresent in Europ巴s巴ve1'al-millionsy巴arsago (Elias， 1980). 
As fo1' th巴fossi1 wood speci巴s，Fago.λylon (comparable with巴xtantFagω) was wid巴r日preadin 
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the Northern Hemisph巴reduring the Late Cretaceous (Suss， 1986). Many fossils白omthe Tertia1'Y 
川dicatethat by the Oligocene most of th巴evolutionwithin the genus was completed (Rom巴1'0，1986; 
C1'epet， 1986; Hill， 1991). In Japan， Fagus hondoensis (Wata1'i) Wata1'i f1'om Iwate Prefectur巴
(Wata1'i， 1941b) andF. macrocω'pa K.T巴1'adaet M. Suzuki (T巴1'ada，1998) from Gifu P1'efectu1'e 
we1'e 1巴po1'tedin th巴Ea1'lyMiocene. 
? ????，?
?
???? ?? ??????
J¥1aterials and occunence 
One washed out wood (specimen no. 960801) was obtain巴clby Mr. Nakauchi， atKal1l卜
Nayoro， the riverbecl of the Nayoro Rive1'，白omth巴loc.G. The original sourc巴rocksare unc巴rtall
Jt is fairly w巴1preservecl ancl is ranging about 20 cm in cliam巴t巴rancl 35 cm in length， without bark 
Aclclitional three materials were collectecl at the loc. BI. The size are varying from 15 to 30 cm in 
cliamet巴rancl short巴rthan 20 cm in length， without bark 
Description 
Woocl is cliffus巴porousto semi-ring porous. Growth ring is present ancl clemarcatecl by 
tangentially f1attenecl， terminal pare日chymaancl fiber tissue. The breaclth is va1'iecl in 1-2 mm in
clistances. 
Vessels are num巴rousancl gradually diminishing their size towarcl the lat巴wood，250-330/日1m2，
solitary and in radial multiples of 2-6， ancl som巴til1lesin clusters. Po1'es a1'e nearly 1'ouncl 01 
1'ounded polygonal in outline， 1'ather thin wall in c1'oss section， ancl small 1'ep1'esenting as 20-60 x 
20-70μ111 in tangential X 1'adial diamete1's. Vessel elements are 100-220μ111 long， end walls 
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transverse to oblique， perforation plates simple and scalarifonn，日calariformwith 8-15 bars， 
1I1t巴rv巴s巴1pits bord巴I巴d，opposit巴totransitional and scalariform， and tyloses freqll巴ntlypl巴sent.
Fib巴rtrach巴idsco日stitltesth巴groundmass of th巴wood，12-15μmin diam巴t巴1'，selllilibriforlll， 
walls 2.0-2.5 μm thick， and larg巴pltSpl巴S巴日tin singl巴row.
Pan巴nchymais apotrach巴alt巴rminaland diffl1s巴， t巴rminallin巴号 d巴limitinggrowth rings， 
apotrach巴alsca日ty，f，巴wc巴Isdiffllse among fib巴l'trach巴ids，and 10-18μm in diamet巴r.
Rays aJ巴 narrowsand broad both， narrow raysト2s巴riat巴hOlllOC巴1I1lar，mad巴upof llpright c巴Is
only， 4-22 c巴Isor 80-350μm long; broad rays (aggl巴gate)up to 12 s巴nat巴andト3mm high， 
h巴teroc巴lIular，mad巴upof procumb巴ntc巴IIsi日th巴C巴nt巴rwith巴xt巴nsionsof 2-6 upright c巴Isat on巴
01' both th巴巴nds，v巴ss巴I-raypits simpl巴， and many per c巴1
Affinity and discussion 
The f，巴aturesthat th巴diffl1s巴dporosity， th巴pr巴senceof a gr巴alnl1mber of solitary 01' c11st巴red
vessels， the gradual diminishing of th巴V巴sselsize in th巴lat巴wood，the opposit巴Iyarrang巴d
scalarifonn，巴lIipticalor round巴dbordered pits on th巴lateralwalls of vess巴Is，th巴occl1n芭日C巴ofboth 
simpl巴anclscalarifonn pelforatio日so日the巴ndwalls of v巴s巴Is，the scalariform， circl1lar or巴lIiptical
pllS 11 OppOSlt巴arrang巴me日tb巴twe巴nvessel and ray parenchyma， th巴pr巴S巴nc巴ofllniseriat巴，
ml1ltiseriat巴andcompol1nd ra ys， th巴presenc巴ofcrystals in th巴rayc巴1s， and the presenc巴ofa less 
日lIlnb巴l'of scatter巴dwood parench yma are charact巴risticsto genl1s Fagus仰 atari，1941 b). 1n the 
abllndant of crystal and the strl1ctm巴ofrays， Fag仏ssp. is p!'obably similar to that of巴xtantF 
crenata B 111me， bl1t th巴SIZ巴ofvess巴Isof th巴lat巴rareconsiderablysmaller(Watari， 194Ib). 
This speci巴sshows consid巴rablesimilarity in gen巴ralfeatures to Fagus hondoen凸is(= F，αg011/.Um 
hondoense Watari， 1941b) from th巴T巴rtiary. However， th巴arrangem巴ntand size of v巴sselsand 
th巴structl1reof ray cells of Fagus sp. apparently diff，巴l'froll thos巴ofF. hondoe/1sis. Fagus 
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hond，口ensishas small巴stsized pores in tangentiaJ s巴ction，30-40μm in diameter (Watari， J94Jb). 
AsF，αgusmαcrocarpa has Jarge sized vesseJ elements， J 5-80 x 20-J 50μm in tangentiaJ x radiaJ 
dial1巴ter，it is distinguish巴dfrom extant species of F. japonica BJl1m巴(60-90μ111)and F. crenata 
Maxim (50-70μ111) (Terada， J 998). 5hiniakura (J 933， J 936) I巴port巴dthat the 110St Tertiary 
species were probabJy id巴nticaJwith出巴woodof Fagm c陀nafa.B巴caus巴th巴arrange1TI巴ntand size 
of v巴可seJsand the structure of ray cells are simiJar to Fagus crenaf，α 
From th巴descriptionand comparison given abov巴，th巴Fagussp. is distingl1ished fro日1earJy 
Mioc巴n巴Fagaceousspecies， but probabJy res巴mbJ巴sextant F. crenata. 
Order Myrtales 
Family Lythraceae 
Genus Decodoll Gmelin， J.F.， 1823 
Decodon l1losanruensis， Matsumoto， Momohara， Ohsawa & Shoya， 
1997b， seed， in Japanese J. Hist. Bot. 5: 53-65， Figs. 4A， 5-9. 
Additional rel11uks 
5eeds of grass taxa Decod，口nl110sanruensis having th巴ob-pyramidaJshape and three weJJ-
dev巴Jop巴dintegl1mentary zones were compar巴dand found to most cJoseJy resembJe those of th巴
extant species D. verticillatus which is restricted to the sl1btropicaJ and temperate regions of east巴rn
North Am巴rica.Decodon mosanruensIs is aJso c10s巴JyreJat巴dto D. alleniJyensis， Eocene species， 
from west巴rnNorth Am巴rica. As there is a wid巴variationin s巴edshap巴dl1巴tostage of the 
dev巴Jopm巴ntand the position in fruits. 50 this stl1dy l1sing s巴V巴日 seedcharact巴!日 (Ol1t巴rand innel 
1l10rphoJogicaJ characters) of the fossiJ and extant representatives of Decod，ο11 
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Th巴recentknowledge of Decodon rel1ains at a N巴ogenesite in the Okhotsk basin extends th巴
rang巴ofth巴Pacific(Baranova， 1968)ー 1tis sil1ilar to Decodon globosiω(E.M. Reid) Nikit. 1 did 
not l1ention about this sp巴CIIl1巴ns11 our prevlOus pap巴r(MatsUl1oto er al.， 1997b)ー Unfortunat巴旬、
since this species has no anatol1ical data， 1 cannot cOl1pared it with extant and other fossil species in 
detail. Howev巴r，it is sure that Decodon was growing with swampy vegetatio日includingl1any 
aquatic pla日ts(Baranova， 1968). 
Unidentified taxa 
This thel1巴 involvesthe closest possible relation of fllnction to strllcture，自ndcOl1parison with 
plants. However， itis unfortunately impossibl巴inthis work to find as exact extant specieぉ Several
most reasonable taxa are described b巴1I0w
Fungi， spores 
(Figs. 86A-C) 
No pennineralized fllngal rel1ains have been report巴dfrom th巴T目tiaryof Japan. Severul fungal 
hyphae and spores are reported from the Middle Eocene， Princeton Canada (Currah and Stockey， 
1991; Currah et al.， 1998; Lepage et al.， 1994， 1997; Hill-Rackette er al.， 1995; Stockey et al・2
1998). 
Material and occurrence 
FlIngal spores (specimen no. 940801405-D) el1lbedded in roots， stel1s ancl woocls were collected 
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at the loc. F， from the riverbed of the San1'l River. The derivation of rock is unce1'tain， but it is 
p1'obable that the rock was deriv巴dfrom円earbyS3 bed. 
Notes 
The spores a1'e ci1'cular， 20-40μ111 in diameter. N巴verth巴less，clespite th巴difficultiesinherent i円
tl巴taxonolllyof extant m巴mbersof th巴fungi，ilO hyphae wer巴founclassociated with the日pOI巴S
Taxonomic t1'eatment of these spores for futl1r巴studies.
Fern， spomngia (cf. Osn日mdα)
(Figs. 860， E) 
Spo1'angia structu1'e has b巴enused for the identification of fern families. 
Materials and occunence 
Two sporangia were obtained in sp巴cimennos. 94081405-E and 980705S4 (thin sectioned 
mate1'ial) collected at Itog巴-no-taki，from th巴S4b巴cl1'ocks， in th巴Rutヲ巴ーIlo-sawa
Notes 
The sectio日ofdehisc巴dsporangia is round and ranges froll 530-680μ111 in diallleter. 
Oeh iscence is vertical across tl巴topof the spo1'angiulll and giving an appea1'ance of a円openslit 
No sp01'angia with attached stalks wel巴found.The shape of annulus is som巴whatpeltat巴01'oval in 
outline，巴xtendingabout a third to half of th巴spo1'angium.No spo1'es wer巴foundwithin th巴
spo!'angia. Since only a small part of annulus is visibl巴， it is Ilot possibl巴tocount th巴irnumbers 
The sporangia of extant Osmundacea巴poss巴ssa t1'a円sv巴1'seallnulus， with ve1'tical dehisc巴nce，
and rang巴from400 to 700μm in diamete1' (H巴witson，1962; Phipps el al.， 1998). Th巴別Z巴range
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COl Id be dl巴towithin a small variation in each g巴nusand subgenus (Hewitson， 1962; MilJer， 
、
1971). Each巴xtantgenera of OSlllundaceae is insufficiently distinct to use as the prilllary basis of 
specific identification， asthey are bas巴don the distance of the annulus frol1 the stalk. However， 
this fossil specimen is not attached by stalk and can not assigned to a genus. Knowl巴dgeof the 
sporangia features could help to elucidate th巴relationshipsin the family. 
Reproductive organs (seed， fmit， flower) 
(Figs. 87， 88) 
Materials and occurrence 
PolJen cone (ワ)sp. 1 (specim巴nnos. 950714AD -1 and 2) and seed sp目 1(specimen no 950714-
C) and seed sp. 2 (No. 950714-AD) wel巴colJect巴din the isolated rocks at Kami-Nayoro from the 
loc. G， the riverbed of the Nayoro River. The original source rocks are unc巴rtain，but it is probable 
that the specimen w巴l巴derivedfrom n巴arbyS3 bed as the case of other silicified plant remains. 
Fruits sp. 1 (specimen no. 903000-PF)， flower (7) sp. 1 (specimen no. 950714-ADF3)， f!owel 
(?) sp. 2 (specimen no. 950714DF4) from the S3 bed rock at Itoge-no-taki， th巴loc.C in the Rub巴
no-sa、lVa
Notes 
PolJen cone (?) 
SmalJ sized floweトlikestmcture is having 1.4-1.6 x 1.2-1.3 mm indim巴nsionin .Iongitudinal 
section. At the lower part of these sp巴cimens，abundant of sclerenchymatolls celJs which are 
commonly pres巴ntin pinac巴OlSpolJen con巴S，are巴xamined. However， they are not assigned to an 
exact extant taxa. 
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色旦生三lh--..l
Seed sp. 1 resembles those of water plants having thick outer integument山yzon巴(p巴r50nal
communication by Momohara). 
Descriptions 
1n longitudinal section， se巴dshape is ovoid or op巴rculatein outline， 9.0 x 5.8 mm in dil1巴nSlon
with thl巴巴integumentarylay巴rs. Out巴rintegumentary layer is composed of one to five layer巴dcel 
height with smooth巴dsmface. UnderIain middle integul1巴ntarylayer is made by two to five thick-
walled rounded or 1巴ctangularcells with dark cont巴nts，and attached to just inside of th巴out巴I
integum巴ntarylay巴r.1nner integmnentary layer is repres巴ntingsingle Jayered c巴1and re可巴mbJesin 
outer layered celIs with smooth巴dslllface. Operculum is compos巴dof rounded thick-walled celIs 
and micropyl巴isfound in it. 
Se巴dsp. 1 isprobably assigned to a kind of aquatic plants (Sculthorpe， 1967; C巴valIos-Ferriz
and Stockey， 1988， 1989， 1994; CevalIos-Ferriz et al.， 1991; Stock巴y，1994; Stockey et al.， 1997) 
This kind of s巴edwas found from th巴Eoc巴日巴Princeton'ch巴rt'and cOl1lpared with aquatic or sub-
aquatlc anglOsp巴rmgroups， such as th巴Lemnaceae，NYll1phaceae， Lythraceae， Alismataceae，且nd
Arac巴ae. However・， to date， the targ巴ttaxon is not recognized. 
Seed SI1. 2 (?) 
Th巴shap巴ofs巴巴dsp. 2 isovoid， 8.0 x 5.0 mm indimension with sl1loothed日urface，and single 
lay巴redintegument with palisad巴lik巴celIsin CIひssection. Howeも巴r，1J1l巴rmorphological structure 
is not known from a single specimen with incol1plete preservatio日 Theextant r巴lativesare not 
known by now 
日主並主主n，_]_
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It resembles subg. Alnobetu.la， genus Aln仏~ in having widely thin wings (see to Alnus ). 
Flowe_L (?) SlJ. 1 and SD. 2 
Th巴yal百 notassigned reliable extant relatives. They are probably dicotyledon grass taxa 
Vegetative organs (stem， leaf and unidentified organs) 
(Figs. 75C-F， 89-92) 
Family Pinaceae 
Conifer leaf cf. genus Abies Mill， 1754 
Abies ? sp. 
(Figs. 75C， D) 
Genus Abies of over 40 species is now widely distributed through the north-temp白川巴zon巴
(Kram巴rand Green， 1990) and only two species occupy large parts (Odum， 1971). The m句ontyo
species occur in the mOl1ntain to subalpin巴zoneswith a discontinuous distributio日inwestern日nd
northeastern N orth Am巴rica，central Europe and Sino-Himalayan regions. AII are almost certainly 
relict species with more extensive distribution in the past (Fmjon， 1990) 
Revision and subdivision refer 10 Viguie and Gal1ssen (1929)， Liu (1971)， and Fmjon and 
Rushforth (1989). 
Although fossiJ records of Abies are very incompJete， Tertiary remains have been colJected fror 
western North America， Europ巴andJapan， bl1t 1)0 records from China (FJorin， 1963). Paleogene 
l巴cordsare less， but it was growing at Jeast the Eocene onward 
Materials and occurrence 
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TwoAbi巴tac巴ousI巴av巴s(sp巴clln巴口snos. 950714ADt and 950714Ct II) w巴recoll巴ctedat Itoge-
no-taki， from the S3 bed in th巴Rube-no-sawa.
Description 
The outlin巴ofleaf is two-fac巴sin obligu巴incross section. The leaf sizes ar巴about3.5-4.3 mm 
in width and 0.6-0.8 mm inheight 
Epid巴rmisis composed of only on巴singlelay巴rof rOllndish sgllare cells. H ypodermis is 
composed of mostl y on巴c巴1layer， and int巴rrupt巴dby only at the stomatal zones. Hypoderlllal cells 
aJ巴egualin forll aJid siz巴， and compactly arranged jlst inside of the epid巴rllis.Three to fiv巴
sllnken-stomata on th巴abaxialface ar巴arranged.
Two resin canals are located in position of toward the edg巴sof the leaf but not directly attached to 
the epidennis and hypodermis. They are m巴dium-Iargesized circular outline with 80-J 00μmm 
dial1etel 
Endodermis is circular， abollt 350μm in diameter and consists of irregllJar sized cells. The 
ahnost circuJar stel巴isJocated in th巴endodermis，a compact transfusion zone， well separat巴d
vascular bundJes poss巴ssingelJiptical outline and a conc巴ntrationof scler，巴nchymacells 
Mesophyll is differentiat巴dby palisade and spongy tisles. Two to thr田 lay巴reclpalisade tisles 
are located on the adaxial sid巴
Notes 
Abies sp. is characterized by flatten巴dleaf form with sev巴rallinesof stomata on abaxial fac巴，
two small resin canals not tOllching the hypodennis， and a single m巴dianvascular bundl巴ー A thick 
palisad巴tissu巴son th巴adaxialsid巴ofthe leaf aJ巴巴xlstmg
Th巴morphologyof巴xtantleav巴sof Abies is lin巴arand mostly flat巴nedin cross s巴ction(Liu， 
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1971; Fmjon， 1990). The leaf has a nearly continl1ol1s hypodermis interrl1pted only at the stomatal 
zones. The mesophyll parenchyma l1sl1ally has a palisade tisl1e on the adaxial side of the leaf 
Th巴reare cOlllmonly 2 (sometimes 4， or 4-1 0) r巴sincanals toward the lat巴ral巴dg弘、 ofthe leaf. Thei 
located portion vary from marginal to inner， and the siz巴alsoalt巴rsfrom smalJ to I巴dil111and v巴ry
large. Th巴shapeof巴ndodermisis circl1lar to oval in cross s巴ction.Th巴vascl1larbl1ndles are l1sl1alJ 
W巴IJseparated (diploxyl)， bl1t sometimes fl1s巴d(Hayata， 1933; Iwata and Kusaka， 1954; Fmjon， 
1990). From thes巴aspectsthis specimen [巴S巴llblesg'巴日l1SAbies， bl1t itsaccurat巴affinitiesar巴日ot
clarified 
Coniferous leaf 1 (Figs. 75E， F) 
Material and occunence 
Conif，巴rous1巴af(sp巴cimenno. 950714AB) was colJ巴ctedat Kmni-Nayoro， frOll the loc. G， the 
riverbed of the Nayoro Riv白 Theoriginal bed is uncertain， bl1t itis probabl巴thatth巴specllnenwas 
deriv巴dfrom nearby the S3 bed 
Notes 
Leaf form iswidely flatten巴doutlin巴withsquarish eclges at the lateral parts in cross section. 
Th巴sizesof leaf are 2.5 x 0.9 mm indill巴nSlon
Epiderlllis is cOlllposed of only single layered of flat巴!日巴dsguare c巴IJs，5.0-7.0 x 10-15 μmlll 
dimension with walJs in2.0μm in thickness. 
Hypodennis is composed mostly of on巴c巴IJlayer， SOll巴tlm巴stwo lay巴rsexc巴ptfor lateral parts 
Hypodennal ceJJs ar巴egl1alin form and size， sguar巴tofJatten巴dsgl1ar巴(atlateral parts)， 8-12 x 10-
14μIII in dim巴日sion，and compactly arranged inside ofthe epid巴rmis.Th巴thickn巴sof 
hypod巴rllisc巴I1walJs isas same as those of epidennis， or slightly thicker than that. SOllle celJs 
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occllld巴dwith black sllbstanc巴s.
Stomata are probably arranged in som巴lin巴son abaxi al fac巴， blt their preservation is not w巴1.
MesophyJJ is consisting of palisad巴andspongy tisslleS， mOl巴than10-15 cells thick in totaJ. 
Pal isade tisslle is mostly arrang巴djlSt below the hypodermis on tl1e abaxial and lateral sides， rare 011 
the adaxial side. The cells of palisade tislIe are consisting of elongat巴danglllar olltline， 80・150x 
30-60μmindim巴nsion，with thin waJJs 2.0μIII in thickn巴s.TheyaJ巴chiefl y composed of two 
to fOllr layers. Spongy tiSle is tOllching inside of th巴palisade tisle on ab日xialand lateral side， and 
is Iyingjllst insid巴ofhypodermis on adaxial face. Th巴1arge rOllnd凶 ceJJsof th巴spongytlsslles are 
30-60μ 日1in diameter， witl1 walls 1.5-2.5μ 日1in thickness and are characteristically arranged at the 
lateral parts with 7-8 ceJJs in height. CeJJs are flattened sqllare shap巴inolltlin巴， 20-40 x 30-50μm 
in dilllension. Some interceJJlllar spaces are present in the spongy tisslle 
A single resin canal is !ledillm size， 100 μm indiameter and located jlst il1sid巴hypoclennison 
abaxial face. Resin canal is encirclecl by 8-12巴pithelialcells which are spindle-like olltline with thin 
walJ. 
Three vasclllar bllnclles are rllnning in central area of leaf. The central vasclllar bllnclle is 
incolllpletely encirclecl by巴ncloclerlllisancl c1ivicl巴CIinto two by ray， abollt 80-100μ !l in c1iallleter. 
Oth巴rtwo small vasclllar bunclles， possessing 50-60μm in c1iallleter are both abaxial and aclaxial 
sides of the central vasclllar bunclle. Each xylelll is a口angeclin the ollter part， ancl phloelll having 
three to fol1J' filecl cells is locatecl insicle of the xylem. Since these cells are lllostly decayecl， they are 
not c1escribecl in c1etails. There is no remarkable fib巴rsin ancl arouncl each vascular bunclle. 
Comparison with coniferolls family， this specilllen is characterized by an sqllarish flattel1巴d
olltline， singl巴mecliumresin canal touching the hypoderlllis 011 abaxial face， three vascular bUl1dles， 
lllesophyll differel1tiated into palisacle and spongy tislIes， ancl no fibers. As far as 1 know， the leaf 
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for11， a resin canal and thl巴巴vasclllarbllndles ar巴notcharacterized as any巴xtantgenera and family. 
Angiosperm leaves， shoots and twigs 
(Fig. 89) 
Materials and occurrence 
Thre巴angiospermleaves (specimens nos. 950714ADC， 950714-CbIV -2， 950714DT) wel巴
coJlected at Kami-Nayoro from th巴loc.G， th巴riverbedof the Nayoro River. Th巴originalsource 
rocks are uncertain， blt it is probabl巴thatth巴sp巴αm巴nswere d巴rivedfrom nearby the S3 bed， asth巴
case of other silicified plant [官mains. FOllr angiosp巴nnousstells and twigs (specimens nos 
903005T-I， -2， -3， 9507 1 4DT) wel巴coJlectedfrom th巴S3b巴dat Itoge-no-taki from the loc. C， th巴
Rube-noーsawa
Notes 
The leaves， twigs and shoots possess dicotyl巴donousvascular bundle strlctlre blt exact 
affinities are not巴xaminedh巴re，because there are a sllal amount of data of tho問。f巴xtantorgans 
Vasculal' hydrophytes 
Type 1 and Type 2 
(Fig.90) 
Lacllna巴arewell developing in stells and twigs of type 1 and type 2. These organs are not 
assigned to each taxon， but they are bundled into 'aquatic plant'. Becallse the total volllm巴of
Int巴I:C巴Ilularspaces are abundant， th巴seplants aJ巴 namedas the terll 'vascular hydrophyt巴5・
(Sculthorpe， 1967). Aquatic and wetland vegetation are suggested by th巴5巴characteristicplant 
organs (Robinson and P巴rson，1973; Stockey and Pigg， 1991) 
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Materials and occurrence 
Type 1 (specimens nos. 903005AH， 9507 1 4ADH) was collected at Kal1i-Nayoro， from the loc. 
G， th巴riverbedof the Nayoro River. The original source rocks are uncertain， but it is probable that 
th巴specnTI巴nsw巴I巴derivedfrom nearby the 53 b巴d.Type 2 (specill1巴I1Sno. 950714DH) was 
collect巴dfrom th巴53bed， at 1tog巴no-taki，the loc. C in the Rube-no-sawa 
Notes 
Air spac巴sof both speci巴soccupy up to 60 per c巴ntof th巴totalvolum巴ofthe stem. Abundant 
numbers of lacuna巴wer巴foundin th巴organs. Lacuna巴al巴arrang巴din a ring or 5catterecl 
throughout the parenchymatous tissue and are also existed in th巴centerof stell1. 1n hyclrophytes， 
oxygen supply is maintain巴dby diffusion from the corticallacl1nae and intercellular spac色、
(5cultholp巴， 1967). Th巴semulti porouぉorganspresumably allow the free passage of dissolved 
oxyg巴nand carbon dioxide 
Thick巴pid巴rmis(more than 50μml日thickn巴ss)with no trichome is examined. This 
characteristic feature is probably water proof structure， because many wetlancl ancl water plal1ts are 
possessing thick cuticle layer in the outer part of巴piderl1lis(5cl1lthorp巴， 1967). Vasclllar bl1ndles 
are ori巴ntatedin an arc 
ThllS， two speci巴sare probably id巴ntifiedas s巴mi-aguaticplants rath巴rthan a sl1bmerged aguatic， 
in having an abundance of air cavities川 bothpith and cortex. MOI巴over，flly sllbm巴iE巴daguatic 
plants t巴I1dto hav巴extremelyreduced vascular systems (Robinson and P巴r50n，1973). Accurat巴
taxol1omic consideration will hav巴toawait l1ntil cOl1parison with l1any巴xtantagl1atIc specl巴札
Especially， as their reprodl1ctive characters are unknown， there is litle taxonol1ic assigl1ment 
B巴caus巴theanatomy of stems and twigs of巴xtantand fossil sp巴clesal巴notw巴1known， thel巴IS
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considerubJe difficuJty in attempting to d巴tenninethe affinities of these hydrophytes. 
Matel'ials and occurrence 
U nidentified remains 
(Figs. 9 J， 92) 
Five fJat巴nedirn巴guJωshapedspecimens nos. 8701009-1， -2， -3 w巴recoJJ巴ctedin a singJe 
rock at Itoge-no-taki from the loc. C， inthe Rllbe-no-sawa， and nos. 950714 ADcー 1，2 were aJso 
obtain巴din a singJe rock at Kami伺Nayorofrom th巴loc.G， th巴riverbedof th巴NayoroRiv巴r.The 
original sourc巴rocksare llnc巴ltain，blt it is probabl巴thatthe specim巴nswere d巴nv巴dfrom n巴arby
th巴53b巴d，as th巴caseof other siJicifi巴dplant rema川s.Th巴s巴rockscontain abundant of Picea 
leaves and twigs， Sl1aJl 副llountsof T:口，tgaJeaves， angiospennous 1巴aves，and aqllatic plant remains. 
Description 
Five thaIloid shaped specil1ens with two fac巴sin outlin巴possess5.0-8.5 x 1.5-2.5 mlll i日width
and height in cross section. The dorsiventral anatollly is remarlくabJeas iIlllstrated figllres. On巴
sllrface repres巴ntsconvex structm巴 (nal1edas且daxialfac巴)and slllooth， b巴:sides，th巴opposit巴
Slllface is irreglllar shape in outline. 5ingle layered epidermaJ ceIls are located on the abaxial and 
adaxial faces. The epid巴rllalceIls are eJliptical outline， 10 x 20μIII in dilllension. Thl巴巴tofiv巴
lay巴redhypodermal cells with polygonal olltline， 15-25μm in diamet巴r，are found in the adaxial 
side. Thick waIled scJerenchymatous cells are arranged cOlllpactly just b巴lowthe hypoderlllis in the 
adaxial side， 25-45μm in dial1eter with 8-15μlll-thick wall. Total celI height of these solid 
cortex (incJllding both epiderlllis and hypodennis) are exalllined as in 50イ00μm.Theyare 
considered as protecting cover like as the organs of Podostemaceae ? (Imaichi， elal.， 1999; Rolf el 
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11.， 1999; Rutishallser， etal.， 1999)ー
Th巴all10stcircular vascular bllndl巴whichis 80-250μ111 in dial1eter， is巴nclos巴dby 22-35 
111l1b巴rsof巴ndod巴rl1alc巴lIs.Thes巴bllndl巴SUi巴usuallylocated in two lil1巴Son th巴abaxialand 
adaxiallin巴s.Th巴structm巴ISV巴rysimpl巴andnot rigid featur巴 Th巴nllmbersof st巴l巴onth巴adaxial
part， b巴lowth巴scl由巳nchymatollsc巴lIsare 11-18， and SOl1巴ofth巴1m巴gather巴dtog巴ther(two to 
thl巴巴). Thos巴onth巴abaxialpart pOSS巴sth巴less巴rnUl1bers of 8-13， than thos巴ofadaxial part. 
Althollgh the structur巴ofvasclllar bundle is not cl巴ar，1l10st xylel1 is probably locat巴din a c巴nterof 
th巴cylindricalst巴l巴.Th巴massof sc 1 el巴nchymatousc巴lIsare found in th巴st巴l巴atboth abaxial and 
adaxial sides 
Pm'，巴nchymatousc巴Isar巴polygonalto round巴dc巴Isof 20-75μm in dial1巴I巴rwith thick wall， 
and no int巴r-c巴lIarspac巴snor lacuna巴.1n th巴C巴nt巴rpart， parenchyl1a isconsisting of larg巴SIZ巴d
cel日(n巴arly40-60μ111 polygonal c巴Is)，and in abaxial and adaxial parts， itis d巴creasinglh巴lrSlze 
(abollt 20-35μm). Th巴I巴ar巴nolacunae and larg巴arspac巴sin fundam巴ntaltissues. Th巴
concepts of affinity and ancestry is a litle sugg巴stedas Podost巴l11acea巴，having thalloid sh日p巴，single 
vasclllar bundl巴，th巴arrang巴m巴ntof bundl巴，thick prot巴ctmgcov巴rsof hypod巴rl1alc巴Ils，no int巴ト
c巴Ilularspac巴 Furth巴rdata provid巴sa hint that s巴veralcharact巴risticsf，巴aturesl1ay provicle 
phylogen巴ticand pal巴O巴cologicalinsights. 
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Chapter V 
PHYLOGENETIC CONSIDERATION of SELECTED TAXA 
Il1troductiol1 
Fossi1 records in combination with the extant plants can help more clearly explain phy10genetic 
re1ationships of plants (Hennig， 1955， 1966; Patterson， 1981， 1982; Doyle and Donoghue， 1986， 
1987; Donoghu巴andCantino， 1988; Donoghue and Doyle， 1989; Donoghu巴et(fl.， 1989). Even 
though fossi1s are often fragmentary， they revea1 rea1 evidenc巴ofextinct plants. Howev巴r，th巴I巴1$
sti 1no cons巴日susto reconstruct p1ant phylogeny combining and comparing characters of both fossil 
and extant plants. 
R巴c巴ntincorporation of c1adism for phylogenetic reconstruction (Eldl巴dg巴andCracraft， 1980; 
Donoghu巴， 1994)， and advances in 1101巴cu1arstudies mad巴plantsystelllatics日loreth巴01巴ticaland 
l巴liabl巴.Th巴110r巴advanc巴phylogeneticstudi巴sof巴xtantplants， the lllore is requil巴dcOlllparativ巴
巴videncefroll fossi1s. However， th巴r巴hav巴b即日 few works trying to reconstruct phylogeny of 
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certain plunt groups or taxa in combination with fossils and living relativ巴s.1t is mainly probl巴1
becullse the luck of sufici巴ntfosil巴vid巴nc巴foroptimizing cladistiC analysis. Th巴analysesw巴re
designed to assess whether and to what巴xtentfossils cOllld contribut巴toclarify phylogeny (Doyle 
and Donoghue， 1987). 1n the analysis， obtain巴dcharacters were applied without any weighting. 
Most parsimoniolls tre was construct巴dby compllter program in OS/J1.unda， Tl'Ugα， Picea， Decodoll 
(PAUP Macintosh 3.1.1.， Swofford， 1993). 
1n this chapter， 1 demonstrate some examples of cladistic analysis inclllding fosil and巴xtant
plants， trying to stress th巴importanceand us巴fuln巴sof fosil records to obtain bet巴rphylogen巴t1C
reconstruction. Th巴out-grollpwas selected 1巴ferringto previous t日xonomicworks on s巴lected
groups， including DNA studies. The following three groups; OS/J1.unda，主:¥'ugaund Dec町 '/011were 
cladisticallyanalyzed. 1 also made phylogenetic consideration on Picea and Alnus which we1巴
ぉo11eapplicable to phylogenetic reconstructio日b巴causeofth巴lackof suffici巴ntanatomical data. 
OS11lunda 
For 1101巴than100-200 million y巴ars，th巴Osmundac巴aehave display巴da 1巴m山kabl巴constancy1 
their gross morphology (Jeffrey， 1899; Gifford and Foster， 1988; Yatab巴etα1.， 1999). Phipps et 
al. (1998) and Miller (1971)悶portedthat ancestor of Osmunda speci巴swas巴xistingafter th巴
Per111ian. Extant g巴日usOsmunda has probably existed for 70 million years， and itwas probably 
110re abundant and more widely distribllted in th巴pastthan in the present (Hewitson， 1962; Miller， 
1967，1971; Gifford and Foster， 1988). 
Silicifi巴drhizomes of Osmunda hav巴be巴ndescrib巴dmostly frol1 North American and a few 
向。1the Europ巴anT巴rtiary(Mill巴r，1967， 1971)， but none were 1巴portedfrol1 Japan ancJ Asia. On 
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the oth巴rhand，日lanycOlllpressed pinnule and foliage specilll巴nswere I巴ported(Jonglllans and 
Dijkstra， 1962)， and also described froll Japan (Matsuo， 1953; Tanai， 1970; etc.) 
General classification of the OSlllundaceae has b巴ncOlllpiled by several authors (Seward and 
Ford， 1903; Kidston and Gwynn巴四Vaughan，1910; Copeland， 1947; Arnold， 1952; Endo， 1961; 
Archangelsky and De La Sota， 1962; Elllberger， 1965). Since this family share sOllle characters 
features of eusporangiate， and it has been regarded as most primitive in leptosporangiate ferns 
Rhizome provides useful morphological features， and there has been some phylogenetic approach 
based on both fossil and extant species (Miller， 1971). 
Historical review of studies 011 rhizome structure 
H巴witson(1962) cOlllpar官drhizollles of thirteen extant species of th巴fallily. He found that the 
distribution of sclerenchyma in th巴leafbases is one of reliable characters. He also clarifiecl that 
巴achgenus and even subgenus showed consist巴ntand peculiar rhizome morphology 
Mil1巴r(1967， 1971， 1982) noted the difficulty to preclude inter-specific relationships based on 
foliage. Such as st巴mcasts， compl巴ssedfoliage， isolated spores and sporangia cannot be ful1y 
cOlllpared with those of exta口tspecies. On th巴oth巴rhand， structural1y w巴l1-preservedrhizomes aJ巴
sufficiently wel1 known to permit reasonably accurate cOlllparison. He notic巴dthat rhizollles of the 
OSlllundaceae have b巴nhistological1y chang巴dduring lh巴courseof evolution (Mil1er， 1967， 1971). 
Based on histological comparison， reconstructed phylogenetic relatio日shipswere obtained lIsing 
'grand plan method' (Wagner， 1969， 1980). A modified version of Wagner's schellle was obtained 
by Mil1巴1・(1971).These results hav巴beenwel1 correlated with general1y accepted systelllatics 
within the fallily， except for the position of Osmuηda clavtoniι 
In contrast to th巴longhistory of the Osmundaceae， fossil species which are Ilostly known froll 
the T巴rtiary，are directly comparable with the extant r巴latives(Chandl巴r，1965; Mil1er， 1967， 1971; 
Gifford and Foster， 1988; Stewart and Rothwel1， 1993; Philipps et al.， 1 998). Th巴refor巴， Paleozoic 
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and Mesozoic species巴xceptfor O. cinnamomea (Serl】巴tand Rothwell， 1999) have not been used 
for the present analysis. Miller (1971) pointed out that th巴Osmundaceaeprobably app巴aredin the 
Early P巴rmianor Lat巴Carboniferous，none of th巴Paleozoicforms can be identified as the pl巴cursor
of the Osmundacea巴basedon the anatomical features of rhizom出.
Phylogenetic analysis 
OS111unda sp. and O. cf. cinnamomea are the first records of the silicified rhizomes of Osmunda 
from Asia. Relationships of several extant speci巴sofOsmund，α， Todea， Leptopteris are inferred by 
mappi ng the character stat巴s，generating th巴mostparsimonious tre巴s，ancl optimizing parsimony. 
To avoid influ巴nc巴fromhomoplacious characters of fossils， 1 usecl an enforcecl topological 
co日目traintoption to construct the backbone constraint tre. 
C'haracter仏すedin the /)hvlof!enetic analvsis oftheοり11undaceae
I.S巴lectionof out-gnコup
The out-group is selected on the basis of previous works which agree with the following criteria 
Jeffrey (1899， 1902) and Faull (1901， 1910) consicl巴redO白mnmdastrumto be the most primitive 
member of the extant Osmund旧ceae. R巴cently，Yatab巴etal. (1999) reported出atOsmunda 
cinnamomea is the most primitive species within th巴familybas巴donDNA sequ巴日C巴. Because of 
th巴antiquityof Osmunda cinnamomea， 1 used this species as a multi-out田group(Miller， 1967， 
1971). 
2. List of characters 
Sinc巴S巴venhistological charact巴rsof rhizome are conservative tissues within sp巴cies，1 used 
following f，巴aturesby their stability (Miller， 1967， 1971; Table 14). In the characters巴valuatednone 
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‘u巴1l1ql巴Iyits own and one isonly shared with th巴OSIl111ndaceae，blt in cOl1bination they mak巴
巴achdistinct sp巴cies. They ar巴alsoavailabl巴ch日ractersfor d巴lil1itingsilicifi巴drhizomes as well as 
extant on巴sand giv巴constantanalytical data abollt specialized to each species. . As this ob呂田vatlon
app巴arsto relt巴ratean already-known fact， that the OSIl111ndacea巴areqlit巴consist巴ntin their 
anatol1ical strlctl陀 andhav巴b巴巴日 so加 along period of tim巴(MilJ巴r，1967， 1971) 
Seven characters，巴achexhibiting two to fOlr charact巴rstates， are us巴dfor phylogen巴ticanalysis 
(Tabl巴s15， 16). Charact巴rstates are scored as 10"， "1 "， "2" and "3". Th巴missingcharact巴rsat巴
SCOl官das "7". The charact巴rproximity is d巴cid巴dto determin巴th巴stepsb巴tw巴 nthe character states 
Th巴charact巴rstat巴s(except for nUl1ber 6) were treat巴das "ord巴red".
Tw巴日tytwo sp巴cies(11 fossil and 1 extant speci巴s)of th巴Osmundacea巴hav巴beenus巴dand 
grollped into fi ve (genera and sllbg巴nera)(Table 14). Other than Shimokawa species， here used 
1l10dified data from H巴witson(1962) and Miller(1967， 1971， 1987). (み=fossilぉpecleぉ)
Genus OSlIlunda 
Subgenlls 
OS111undastru111 地O.cinnamomea from th巴Mioc巴n巴， Shimokawa， Japan 
語O.cinnamomea from the Miocen巴，Washington， USA 
Osmunda 
*0. precinnamo111ea from the Pal巴ocen巴， North Dakota， USA 
O. cinnamomea 
*0. sp. from th巴Mioc巴ne，Shimokawa 
ホO.iliaensis from th巴Mio-Plioc巴日巴， Hllngary 
'0. wehrii frol1 the Mioc巴n巴，Washington， USA 
* 0.nathorstii from th巴Lat巴Tertiary，Spitzberg巴n
おO.oregonensis from the Eocene， USA 
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Plenasium 
Genus Todea 
Genus Leptopteris 
ネO.plulHa frol1l the Pal巴ocene，USA. 
O clavtonian!J.. O. regalis， O. japonica， and O. lcmcea 
ホO.dowkeri from th巴Earlyand Late Eocen巴， England， USA. 
* O.amoldii frol1l the Pal巴oc巴n巴， USA. 
O. bankisiaφlia， O. bromeriafolia， P. javanica， and 0， vachellii 
T. barbara 
L. superba 
1n general， Osmunda claytoniana is classified into subg. Osmundastrum based on their frond 
morphology. H巴re，O. claytoniana is treat巴dasal1l巴I1lb巴rof subg. Osmunda based on rhizome 
structure (after Hewitson， 1962; Miller， 1967， 1971) 
r J."，d characters 
(1). Maxil1lul1l nUl1lber of strands of stel1l xylem in an X-section; 0孟 1，i> 11. 
The l1laxil1lul1l number of strands is divided into two typ巴s.The extant species， except for 
extant Osmunda ciniwmomea， are charact巴rizedby smallnl1l1lbers of strancls. AII of th巴fossil
species of subg. Osmunda ancl Plenasium exhibit fairly large nUl1lbers ofぉtrancls
O. dowkeri represents v巴rylarge日ul1lbersof strands (20-33). 
(2). Maxil1lul1lnul1lber of leaf-traces in an X-section of th巴1I1n巴rcort巴x;O壬5，1>5. 
1n generally， the nl1l1lbers of leaf-trac巴sof th巴innercort巴xof the extant ancl fossil species 
of subg. Osmunda ancl Plenasiwn aI芭 smallerthan those of th巴O.cinnamol11ea group. 
(3). Maxil1lum nUl1lber of I巴af-tracesin an X-section of th巴outerCOI 旬以 O壬1，1>11 
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Ti1e number of leaf-trac巴softh巴out巴rcort巴xofToιiea ) Lepropteris an【1subg. Plenosiu/17 
(exc巴ptfor O. dowkeri) is small巴rti1an ti10s巴ofmost of subg.Osmunda and O.¥.l71lf1dasrrul1J 
sp巴CJ巴S
(4). Point of basal forking of 1巴af-trac巴protoxyl巴11;0 = inn巴rcort巴x，1 = out巴rcort巴x，2 = P巴tiol巴
bas巴， 3 = Plenasium typ巴.
Four types m巴recognizedin ti1e point of basal forking of 1巴af-trac巴protoxyl巴m(Mill巴l，
1967，1971). Most ofth巴巴xtantsubg巴nusOsmundasp巴ciesand fosil O. sp. (partly out巴下
cort巴x)巴xhibitti1巴 1日日巴rcort巴x，O. claytonial1o and O. nathorstu ar巴l巴coglllz巴din th巴p巴tiol巴
base，oth巴rfosil sp巴CJ巴sof subg.Osmunda hav巴inth巴out巴rcort巴xand subg. Plenasium is 
I巴pr巴sentingas Plenasiwn type. Th巴Plenasiumtyp巴ofl巴af-trac巴xyl巴mformation is a 
1l10dification of the巴ndarci1typ巴andaccommodat巴s1巴af-gapsthat ar巴highand wide (called as 
Plenosium type in Miller， 1971). 
(5).Dott巴dscl巴renchymain stipular regions; 0 = abs巴nt，1 = present 
Osmunda sp.， o.nathorstii and extant o. claytoniana巴xi1ibitno dott巴dscleJ官nchymain 
stipular regions. Oth巴rthan ti1巴S巴specJ巴sposs巴sti1巴dottedscl巴renci1ymain their stipulm 
r巴glOns
(6). Natlll巴oflat巴rall1assesof large sized sclerenchyma in stipular regions; 0 = absent， 
1 = cluster， 2 = band. 
Thre巴typ巴sof lateral masses are recognized. No lateral mass巴sare found in ]つ"odea. 
Cluster type is fOllnd in Osmunda cinnomomea group， slbg. PlenasIum， and Leptopteris 
Band巴dtype is 1巴cogJ1lz巴din slbg. Osmunda fosil and extant speci巴日
(7). Nature of scl巴I巴nchymain out巴rring; 0 = s巴parated，1 = continlled 
Th巴S巴paratedsclerenchyma in Olt巴rnng山eexmnin巴din Osmullda cul1wmo/17配{group， 
巴xtantslbg. Osmundo speci巴sand O. nathorsrii. AIl of Odl巴rfosil sp巴ciesof slbg. 
Osmundα， and巴xtantand fosil sp巴CJ巴sof subg. PlenasIum poss巴55contJJ1l1巴CIscler巴nchyma
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in the out巴rnng・
3. Results of phylogenetic analysis 
Wifhouf backbone cO/1.sfrainf 
Tw巴ntytwo most parSnTIOIlOUS tl巴esw巴reobtain巴dby th巴analysiswithout backbone constraint 
tre巴.Th巴tr巴esdid not resolv巴thesp巴cificor phylog巴n巴ticrelationship (Fig. 94-A). The 
phylog巴日巴tlCl'巴lationshipsof the' Osmundac巴a巴wasnot 1巴solv巴d，b巴causetwo monophyletic groups 
and other OTUs (op巴rationaltaxonomic units) w巴redivided in 12 c1ades as polytol1Y. 1n the 
phylogen巴tlC1巴lationshipinf，巴rredfrom rbc L s巴quencedata of th巴OSl1undac巴aesugg巴steclth巴
1l10nophy Iy of O. clα'ytoniana， subg. Osm叩 daand subg. Plenasium as the sister group of 
monophyletic group of Todea and Leptopteris (Yatabe ef al.， 1999). 
Wifh backbone consfrainf 
To obtai n a tl巴巴thatis consist巴ntwith th巴resu]tof rbc L g巴日巴， a topological constraint was 
enforced using the backbone constraint tre option ofPAUP. Th巴backboneconstraint tl巴ewas 
bas巴don th巴resu]tof rbc L sequence (Yatabe et al.， 1999) to keep th巴relationshipof extant taxa 
with high bootstrap probability (mO!巴than90 %). With this option， alfosil taxa aJ巴adcledat any 
point on the backbone tl巴巴aslong as th巴backboneis not violated. The backbone constraint tl巴巴IS
shown in figU!巴93.
A heuristic search finds 2 most parsil1lonious tl巴es，22 st巴pslong with a consist巴ncyindex (CI) 
of 0.455， ret巴ntionind巴x(RI) of 0.793. Th巴charact巴rchanges are plott巴don the most parsil1lonious 
tl巴巴(Fig.94-B). 1n the backbone constraint tl'巴巴，topologically巴nforcedby th巴i巴sultfrol1 DNA 
sequ巴nce，al extant g巴n巴raand subg巴n巴rawere well 1巴solv巴d.This tre巴ISsp巴cializ巴dand日hares
several apol1orphies. 
1n these clad巴twogroups w巴I巴I巴cognizedin th巴OSl1undaceae:0日巴consistingof Todea and 
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Lel'tol'teris sp巴cies，and th巴otherconsisting of o.snumda species. The.g巴nuso.snl.flda is not 
monophyl巴ticgrol1p becal1se Todea and Leptal'teris are positioned within o.smunda. Th巴subg
o.smunda with巴xtanto. claytaniana and sl1bg. Plenasium are mo日ophyl巴ticgroup， indicating th巴
validity of th巴on巴group.Two sl1b-grol1ps are recog円izedin 0.‘Yl11unda. One is consisting of extant 
specl巴sof o..jσponica， 0.regalis and o. lancea and the other is subg. PlenasiuJl1 incll1ding with 
both巴xtantand fossil sp巴ciesand fossil speci巴sof subg.osmunda incIl1ding with o. claytonia!1a . 
Th巴fonn巴rthr巴巴sp巴ciesare clos巴Iyrelat巴dto白Ichoth巴r
o.smunda pluma from the Pal巴oce円巴 islocated at the basal position and 0. 01マgonen以¥.from the 
Eoc巴ne，and o.sp. from the Middle Miocen巴arelocat巴dat th巴closeposition. o.Sl11unda iliaensis 
and o. wehrii froll the Mio-Plioc巴neconstruct the basal grol1p of sl1bg. Plenaslum， and o. 
nathorstii from the late T巴11iaryand巴xtanto. claytoniana are reconstrl1ct巴das oth巴rgrol1 p. AJl 
charact巴rstat巴sare rearrang巴dby ACCTRAN optimization (character-state optimization: accel巴rat巴d
transformation). 1n the tl巴e，al Sp巴ciesof th巴sl1bg.o.Sl11unda and Plenasium are grol1ped togethel 
with巴xtant0. claytoniana. Great巴rvariation was found betw巴eno. cinnamomea grol1p and 0 
clavtoniana 
Discussion 
The phylog巴円yand円lOrphological巴voll1tio日ofthe Osml1ndac巴aecan be inf，巴rredSl1CC巴凶fl1lyby 
fossils. 1t is int巴restingto not巴thatmost Tertiary rhizomes巴xceptfor o.Sl11unda precinnal7lomea 
and o.cinnamomea constitl1t巴aSISt巴rclade with subg. o.smund，ι o.smunda c!aytoniana is a 
possibl巴巴xtantrel ict of wid巴vanatIo日ofT巴rtiarysp巴ci巴Sof sl1bg. o.smunda clade 
TwoMioce円巴fossilspecies of o.smunda CInnal7lomea from Shimokawa and North Al1erica ancJ 
extant o. CInnmワ'1.OJneam巴closelyrel日比d. The Paleocen巴sp巴CI巴s，o.smunda precinnan叩 l11.eαIS 
similar to thos巴of巴xtilntand Mioc巴nesp巴ciesbl1t th巴I巴lationshipswas not resolv巴d. It i日
Sl1gg巴stedthat o.smunda cil1namOmea has b巴ndistritヲl1tedon both sides of the Pacific region at 1巴ast
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by the Miocene 
1n subgenus Plenasium ， Osmunda dowkeri from the lower and upper Eocene differs in too 
many 1邸 pectsfrom O. arnoldu from the Paleocene and extant species to be considered a derivative 
of the former or a progenitor of the later. More likely， itpredated by OS171unda al'loldii. Millel 
(1967， 1971) suggested Osmunda dowkeri represents an extinct branch of subg. Plena.l'ium. 
Leptopteris and Todea are' generally distinct froll Osmund，ιNeither Leptopteris nor Todea 
has sufficient fossil record to suggest their origin. But Todea and Leptoptel'Is are closely related to 
subg. Osmunda c1ade than to sutヲg.Osmundastrum目
Using fossil informatio日aschronological eviclence， the lllinimum age of the appearance of each 
species can be estilllated. As three extant subgenera were recognized in the Paleocene species， pre-
Cretaceous separations are suggested (Miller， 1967， 1971). Since there were two groups (Osm山u/a
and O.l'J1undastrwll ) inAsian and North American populations in Pal巴oceneage， they were certainly 
diversified before the Tertiary and'probably had separated lines of evolution befUl巴theCretaceous 
Theil巴volutionalspeed is probably slower than seed plants (Stein et al.， 1979) and their characl巴rs
are possibly very consistent (Yatabe et al.， 1999). It is becoming increasingly clear that sp巴cles
longevity for homosporous pteridophytes can be far greater， and species turnover may be far lower， 
than expectecl from evolutionary models develoI児dhrflowElingdlants(RothWEll，1996;SElbetand
Rothwell， 1999). Because the Paleocene species， Osmund，αprecumamol1lea fals within or is 
continuous with the ranges of variation of extant O. cinnamomea (Miller， 1971)， and newly reported 
Cretaceous O. CInnamomea from Alberta， Canada (Serbet and Rothwell， 1999) show almost entirely 
within the ranges of variatio日ofextant O. cumamOl1lea. The morphological features in the 
rhizomes of Osmunda cinnamomea reveals the sil1ilarity of to th巴extantO. CinNa/1.0mea 
Morphological evolution based on the rhizolll巴inlh巴Osmundaceaeis well synchronized as new 
molecular data (Yatabe et al.， 1999). They have shown that Todea and Leptopteri.l' are cJosely 
related fonning a 1110日ophyleticgroup at the newly evolved Osmunda clade. 1n th巴irwork， 
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OS/11U/zda cinnamomea was d巴veJopedbefOl巴250Ma，Todeαand Leptopreris groups and 
OSi11U1zda group (incJuding O. claytoniana ) wer巴separat巴dat 210 Ma， and O. c1aytonianαand 
oth巴rOsmundasp巴cleswere s巴parat巴db巴for巴J50 Ma. Furthermol巴，as larg巴rnucJeotid巴variatioz
was I巴port巴dbetw巴nextant Osmudαclayroniana and O. cinna/11ol71ea， th巴yhave Jong biological 
difl巴renc巴.
Thus， this phyJogen巴ticresuJt gives strong support to MiJler's work， aJthough th巴monophyJy0 
E巴nus Osmunda was re ject巴d.1 1l10dify th巴cJasi行cationso that Osmunda subg. 0，白口71undlιstrum
contal1s 0日JyO. cinnamomea， and O. claytoniana has to be 1l10V巴dto subg. OSI1lιl1I.da as same 
I巴sultsas moJ巴cuJardata (Yatabe et (/1.， 1999) and hybridization (Wagner， etal.， 1978) ancl allozym 
dendrogram (Li ancl Haufl巴r，1994). 
Picea 
EvoJutionary ancl phyJoge円巴ticstuclies on th巴genusPicea hav巴b巴ncariecl out bas巴do円
morphologicaJ comparison (Wright， 1955; Gorclon， 1976; Hart， 1987; Fmjon， 1990). Picea is 
gen巴ralytr巴at巴clas a the sister taxon of Pinus (Florin， 1963; Farjon， 1990). 1nf，巴rringrelationships 
within Piceαbas巴clon morphology of extant speci巴sdoes not se巴mto be fullyιzccurate， becaus巴
th巴reare a Jimited numb巴rof characters (Wright， 1955) 
History of spruce is only fragmentary known (LaMotte， 1952) but abundant fosiJ remains 
comparabJ巴to巴xtantspecl巴sheJp z巴constructthe phyJogeny of th巴groupas well as the present 
fosiJs. A small nmnbers of p巴rllineralizeclmateriaJs from th巴Oligo-Mioc巴near巴usedfOl 
comparison with th巴Piceaspecies froll th巴Shimokawaregio円(Mill巴r，1970; Crabtl巴e，1983) 
Here 1 us巴clmainly cones ancl additionally Jeaves for the phylogen巴ticstudy. 
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Historical review and occurrences of fossil Picea 
Conc巴rningthe cone structllre， the oldest fossil Picea diellerliana from the Oligoc巴日巴(孔1iler，
1970) is attributable to the genus. Hence， the diversification of Picea from its ancestor 11l1lst have 
occun巴dearlier. Considering the features of the cone scale， the woody scal巴日picesof Picea 
dietfertiana resembles those of sect. Picea. No extant species cOl1lparable with the Oligocene 
species canIlot be assigned. On the oth巴rhand， the res巴I1lblanc巴b巴tweenP. wo(fei Crabtre巴(1983)
from the Miocene of Northwestern Nevada， USA and extant P. brewerial!αof subsect. Ouwrikae 
of sect. Picea has been pointed Olt. 
Oth巴rthan these structurally preserved fossil species， oldest Picea remains were fOll1d frol1l th巴
Late Cretaceous in northel日Japanandeastern North America (Florin， 1963)， 1n the Paleocene， it 
occurred not only in Alaska， blt also north of the present distributed area on North American side， 
as well as in western Spitsb巴rgen(possibly Eoc巴日巴)and probably in northern Siberia on the 
Eurasian side. During Oligocene to Pliocene til1les， Picea remains a悶 knownexclusively from 
midclle latitlldes in western North Al1lerica and central and sOlldl巴rnEllrope， aswell as frol1l western 
and eastern Asia， especially Japan. 
As the results， this genus diverged in the Paleog巴ne，the important 1l0rphological feat山一'es叩 the
two model'n sections had b巴巴nfonned b y th巴Olig口cene，then further diversification (with l1any 
relict species) in each section occurring in the Miocene (Axelrod， 1976; Faljo日， 1990; Matsul1oto el 
al.， 1994). After the ice age of the Quaternary， some new members of subsect. Picea extended 
their distribution areas to the boreal zon巴(Shimizu，1992) 
The flattened leaf species of subsects. Omorikae and Sitchen:日s，have not adapt巴dto 11l0re 
contJl1巴ntaldrier c1imates with cold temperature (Schmidt， 1989; Fmjon， 1990). Th巴fourfaces leaf 
species of subsects. Picea and Pungente.l'， have been adapting to continental c1rier c1il1ates and they 
have possibly advanced and aJ巴mllchJ1lore widespread sil1ce th巴earlyNeog巴n巴 sasecl01 the cone 
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structll巴， the more primitive groups subsects. Omorikae and Sirchenses (as clefin巴dsmall cone 
typ巴)also occurred in the early T巴rtiary(Schmidt-Vogt， 1977; F日ljon，1990; Shimizu， 1992) 
Eight species from the Miocen巴，Japan based on cones and 1巴avesw巴rereport巴dand compared 
with extant species. Th巴yres巴mbleextant speci巴ssuch as Picea ko)叩nai，P. {orano， 
P.l1aximowiczii and P. alcoquiana (Miki， 1948; 1957; Huzioka， 1949， 1964; Huzioka and 
Nishid，し 1960;Huzioka and Uemura， 1973， 1974; Tanai， 1961; Tanai and Ono巴， 1961; Tanai and 
Suzuki， 1963; Ono巴， 1974;Ozaki， 1979， 1991; Uemura， 1988; Shil1izu， 1992). AIl ofthem are 
members of s巴n巴sPicea， subsect. Picea ， sect. P.icea and thl巴巴offour are now r巴stricteclspecies 
which grow in some limited regions of central Honshu 
Phylogenetic analysis 
Forphylog巴日巴ticanalysis， 17 extant (containing on巴subspecies)and 5 fossil species (巴xceptfOl
Picea eichhomii， Milla (1989)， b巴caus巴itis doubtful as b巴longingto g巴nusPicea in having 22 
resin canals in scale sclerenchyma) are compared by cone structure (Lacassagn巴， 1934; Miller， 1970; 
Crabtree， 1983). AlI characters w巴reref，巴n巴dto Ohsawa (1997) (Table 17). 
HistoricalJy， vascular course (Satake， 1934) and the resin canal patterns (Suzuki， 1985) are 
described as significant characters in Pinaceae. Thus， the resi日canalsin sc日lescl巴renchyl1aand in 
vascular cylinder in axis are at巴ntiv巴Iy巴xaminedin this stucly. 
Chα'racter used in the /Jhvlof!enetic analvsis of rhe Picea 
1. Selection of out-group 
Th巴out-groupin the genus Picea is s巴lectedon the basis of pl巴viousworks which agree with th巴
following criteria. Historical and recent molecular data pointed out that genus Pinus is the 1l10st 
primitive member 6f Pinaceae (Westfall， 1972; Hart， 1987; Smith and Klein， 1994; Oh印刷1，1997). 
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Furthermore， Pi川町 inhaving thiek scaJe and s巴veraJ1巴sincanaJs in the Jeaf， iscJearJy distinguish巴(
from th巴Piceasp巴CI巴5・ 1nhere， Pinus thunbergii is us巴dfor th巴out-group.
2. List of used characters 
None of the characters are unique to one sp巴CI巴s，but avaiJぬJech副首ct巴rsI1 combination aJ巴
shared by Picea sp巴cies.S巴vencharacters， each巴xhibitingtwo to three character states， are used 
for phyJogen巴ticanaJysis (TabJes J 8， J 9).The character states were treated as 'ordered'. 
(J). Maximum cone Jength; 0亘5cm， 5 < J孟J0 cm， 2 > J 0 cm. 
(2). Maximum cone diameter; 0 < 2 cm， 2 < 1孟4Cll， 2 > 4 Cll
(3). Index of (1) / (2); 0孟 2，2 < 1孟3，2> 3. 
(4). Nature of scaJe apex; 0 = papery， 1 = woody. . 
The nature of cone scaJ巴sis usefuJ for distinguishing alllong two sections; sect. C.川、Icta
possessI1g 11101巴orJess papely thin and f1exibJe scaJe apex， sect. Piceαhaving rigid and nlore 01 
Jess woody one・Thenature of cone scaJe apex of Pinus represents thick rigid margi nふ
(5). ScJerenchYl1lu in pith; 0 = absent， 1 = present 
Pinus und some species of Picea hav巴noscattered scJerenchYl1la ceJJs in the cortex of the 
cone aXIS. 
(6). Maximum nUl1lbers of resin canaJs in scale scJ巴renchyma;0 = 2， 1 = 3 -5， 2主 6. 
The maximum numbers of resin canaJs in scaJe scJerenchyma vary from two to ten. The 
number of the most species is weJJ cooperated with the data of Crabtree (1983) 
(7). Resin canaJs in vuscuJar cylinder in axis; 0 = absent， 1 = rare， 2 = abundant 
Presence or absence.of resin cunaJs in vascuJar cyJinder in axis aI巴examined.Th町巴
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features are slightly diffel巴ntfrom th巴dataof Crabtl巴巴(1983)(differences in Picea abie.l' and 
P. rubens). Th巴diff，巴renceis probably due to the age of th巴cones，because r used 
lllatured con巴materials，but Miller (1970) and Crabtl巴e(1983)巴泊mlll巴dyOllnger cone 
specllllens. 
Result and discussion 
Picea sp. 1， P.sp. 2 and P. sp. 3 are morphologically diffel巴ntfrom Oligo-Miocene North 
Alllerican fossils having 2 I巴sincanals in scal巴sclerenchyma. AIl of the Shilllokawa species have 
mOI巴than4 resin canals in scale sclerenchyma. Both Picea sp. 1 and P. sp.2 b巴longto sect. Piceα 
and P. sp.3 is assigned to sect. Casicta. Based on th巴leafforllls， detail巴dphylogenetic reSllts are 
not recognized， becallse th巴rear巴asmall alllollnt of data of extant species of Picea . 
The lllarked sillilarity among fossil cones and any particlllar extant species provid巴sno grollnds 
to sllpport or r句ectfollowing hypotheses proposed by previolls works. Several hybridized extant 
Picea species have long be巴nknown and existed (Heimbllrger， 1939; Morgenstern and Farrar， 
1964; Manl巴y，1971; Gordon， 1976) 
Morphological stlldies proposed the monophyly of each Picea speci巴s(Hart， 1987; Frankis， 
1989; Farjon， 1990; Ohsawa， 1997). This is also r巴cognizedin the phylogenetic resllt bas巴don the 
fossil and extant sp巴cies，blt not obtaining with 0日巴consensllstree 
Furthermor巴， the cone featllres serve as a basis for offering some preliminary ideas regarding 
evollltion of Picea， becallse their features are distinctive from the North American Oligocene speci出
in having 2 resin canals in scale sclel巴nchyma. From this reason， Picea had evolved in al theil 
essential featllres by th巴01igocene and that the important stag巴sin the derivation of Picea from theil 
anc巴stors1l1lSt hav巴occurredearlier (Miller， 1970， Crabtree， 1983; Hujon， 1990). Moreover， the 
nlllb巴rof resin canals in the scale sclerenchyma is probably most illlportant characters and are 
IlV巴stigatedas increasing froll the Oligo-Miocene to recent. 
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Evolutionul history by the leaf structure， the species with dorsivetj'ally flattened，巴P1stol1utic
le日vesare possibly old巴rthan those with 1l10re or less egllifacial， al1phistol1atic leaves (SChlllidt， 
1989; Fmjon， 1990). The dial10nd shaped leafforl1 was adapted to 1l10re continental， c1rier cJim日tes
with cold winter， are l1uch more widespread. They have commonly advanced since the cooling or 
the circulllboreallandl1asses began in the巴arlyNeogene. 
Evalllation of charact巴rsof Picea cone size has been previollsly discllssed by l1any白llthors
(Schl1idt， 1989; SllZllki， 1991; Konishi and Suzllki， 1997). The variat旧nsin cone and scale are 
consistent within individllal species but glite variable al10ng differ，巴ntindividllals within each 
poplllation (Konishi and Suzllki， 1997). As SOllle cJil1utic factors (tellp巴ratlreand hll1idity) affect 
the cone and several crossabilities， l111ch variety of extant cone size have arisen l1ainly by 
geographic isolation (Wright， 1955). Distriblltion patterns of resin cunals and v山 cularstrands in 
scale l1iddle are possibly il1portant characters by species leveJ.， No consenSllS t1芭巴andseveral 
interpretations of their affinities can be obtained. Greater taxonol1ic日ndgen巴ticllniforlllity is 
probably one of the reasons for the lack of agreeable phylogenetic trends (Fa1jon， 1990). 
Furthermore， six forl1 species frol1 Shil10kawa investigat巴thatPicea was an il1portant 
cOl1]Jonent of the Miocene forest in Hokkaido. Since Li (1953) believed that eastern Asia and edge 
of the Pacific Basin are probably originated and distriblltion center， these regions and the 
Shil10kawa region probably contain the largest assortlllent of primitive Picea日peCles.
The Shil10kawa region with six forl1 species of Picea is probably one of these places. Furthe1 
stuclies are necessary to delve into the systel1atics of SOllle of the little-known Chinese ancl European 
species and then to re-ex日minethe phylogenetic concepts. To del10nstrate the divergence within 
genus， research on earJier fossils and clarifying relationships between ancestral and lllodern features 
are necessary. 
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Tsuga 
Our previous report (Matsullloto et al.， 1995) sl10wed tl1at tl1e anatomical feat山巴Sof TSI/gαleave~ 
include diagnostic characters for distinguishing four groups within 5巴ct.T.I'uga. 
Each extant and fossil species concept is based on th巴followingfeatures of leaf apex， leaf 
margins and cone scales. To mention the detailed phylogenetical work of genus T:叩ga， further 
optilllization of the internal structure of leaf is c1arified. Eight characters Wel巴us巴dby tl1eir 
characteristic stabil ity (Matsllmoto et al.， 1995; Tables 20， 21; Figs. 95， 96): shape， stolllatal bands， 
resin canals， mesophyll size， occurrence of hypodennis， mass of l1ypod巴rllis，Ilesophyll， and leaf 
margl1l. 
Phylogenetic analysis 
Cf世間Icter旧ed;nthe I7hvlnrenef;c analvsis nfT:wf!αleaves 
1. 5election of Ollt-groUp 
The ollt-grollp in the genus Tsuga is selected on tl1e basis of previolls works by the following 
crileria. Engelmann (1879) divided the species of Tsugαinto two sections: T:¥"Uga merfensiana in 
sect. Hesperopeuce Engellll.， and other species in sect. Tsuga (Endl.) Carrier巴
Following seven works selected the out-grollp in the genus T:yugαlineage (50ar， 1922; Downie， 
1923; Hayata， 1933; FlollS， 1936; U巴no，1958; Taylor， 1972; Fmjon， 1990)ー AIIof tl1ese works 
巴xpressedthat the sect. Hesperopeuce is the most primitive and appropriate ollt-group in genus 
T.I'ugα. T.I'ugαmerfens;，αna of sect. Hesperopeuce is un unusual representative in the genus， such 
as th巴 thickneedles with three to four faces and stomati-ferous on al surfaces， much longer cone， 
and p叶lengrain with two air bladders (5zafer， 1949; Gams， 1954; U巴no，1958; Oszast， 1960; 
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Fergllson， 1967; Fmjon， 1990). On the other hand， sect. TSllga species are representative as two 
faced needles with hypostomatic stomata in abaxial sllrface， short cone， and rOl1nd巴dpolIen grains 
with fringe 
Chrolllatographic analyses used to test the theory of hybrid derivation of interlllecIiates also 
Sl1pports ollt-grol1p selection (Taylor， 1972). These analyses w巴refllr~h巴rappl ied to th巴
phylog巴口巴ticranking of s巴veralNorth American and Asian species of Tsuga. Since the highest 
intergenetic vallle was observed between Tsuga 117ertensiana (polIen with bladcI巴rs)ancI genlls 
Picea， they afe the presl1med parental species of sect. Tsuga (Wright， 1955; Taylor， 1972) 
2. Charact巴rsnot lIsed 
Characters sl1ch as sponge tisles， vascular bundle tissu巴sand endod巴rllaJceIls are巴Jiminated
froll the cIadistic analysis b印刷seof th巴irless variabiJity出nongspecies. Most of Ol1l巴r
Ilorphology of leaf cannot be examin巴din fossil specimens except for leaf margins and日hap巴11
cross section. From the characters evaluated non巴areunigl1ely its own and 0日巴 isonly shared with 
T.I'uga species， but in combination they Ilake a very distinct species. 
3.011t-group 
Based on above mentioned and oth巴rhistologicaJ data， here decided the ol1t-grol1p as s巴ct
He.liJeropeuce (Ch巴ng，1932;Ch巴ngand Fu， 1978; Little， 1979; Silba， J 986; Page， 1988; 
Matsl1moto et al.， 1995) 
Ol1t-group: Sect. Hesperopeuce is charact巴rizedby 3 to 4-faced leaf 
In-group: Sect. Tsuga is characterized by 2ーたIcedon巴.
4. List of l1sed characters 
(1). Shape of leaf i円crosssection; 0 = three to fOl1r-sided， 1 = spatl1late， 2 = faJcat巴-acllJ1lJnate-
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obtuse. 
Th巴differencesof the leaf shape are examined as 'spatulate' and 'falcate-acuminate-
obtuse' at the sides of leaf in cross s巴ction.
(2). Number of stomatal rows; 0 = 2-3，1= 4-7，2 = 8-10. 
Stomatal bands are compos巴dof narrow to wid巴bands.This charact巴ris possibly 
constant factor， becaus巴Downie(1923) and Fmjon (1990) al80 treat巴dthe row numb巴rsas 
th巴irtaxonomic f，巴atures.
(3). Size of resin canal; 0: > 100μm，I=50-100μ111， 2・<50μm. 
Th巴巴stllnat巴dsize of 1巴sincanal has not ev巴rbe巴ndiscuss巴damong th巴extantand fossil 
species. Tsuga shimokawaensis is charact巴rizedby a narrow resin can白1whose diam巴ter15 
on巴ーto-two-thirdsof thos巴ofal examined巴xtantsp巴cies(Soar， 1922; Downi巴， 1923; Hayata， 
1933; Flous， 1936; Fmjon， 1990). Th巴semeasurem巴ntsagre巴withth巴SIZ巴ofresin canal is 
possibly took place significant fl巴atul巴inTsuga shimok帥 VαenS1S
(4). Size of mesophyll; 0 = small， 1 = long. 
Two states of th巴m巴sophyllsize w巴!巴notdescrib巴dby previous studi巴s.Chin巴E巴
sp巴C1巴s，T.引19achinen日'sand工dumo.sahave long siz巴dlllesophyll which is 1巴achedat least 
tW1C巴longerthan other sp巴C1巴s.
(5).Occun巴日C巴ofhypodermis; 0 =巴xistingin al part巴xc巴ptstomatal aJ巴a，1 = partially p1巴sent，
2 = abs巴nt.
Downi巴(1923)and Flous (1936) 1巴marl、巴dthe three arrang巴mentpatterns of 
hypoderlllal cells. Th巴yhad found th巴locationof th巴hypod巴rllalc巴Ishad prov巴dquit巴a
constant factol 
(6). Mass of hypodermal eells at leaf lllargins; 0 = pl巴sent，1 =幼児nt.
Two states of mass of hypod巴rmalcells at leaf m日rgJI1SW巴renot d巴scrib巴din pr巴V10US
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works. Disappearance of the marginal hypodermis is ch副社cteristicin several species. 
(7). Mesophyll b巴twe巴nresin canal and abaxial hypodermis; 0 = absent， 1 = present. 
Tsuga shimokawaensis clos巴Iy1巴semblesT. sieboldii in having on巴-cell-Iayerecl
mesophyll (which is unknown in other extant sp巴cies)betwe巴nthe abaxial hypodermis and th巴
resin canal 
(8). Leaf margin; 0 =巴ntire，1 = denticlllate. 
The condition of th巴leafmargin， generally elllploy巴clin dividing the genus (Downie， 
1923; Faljon， 1990; F3Ijon， 1990). This will b巴followedhel弘前 inspite of som巴mOI巴01
less consist巴ntdifferences involving entil巴ord巴nticuluteleaf murgins 
From cladistic analysis， Tsuga shi1110kawaensis is locat巴dat th巴bas巴ofsect. Tsugα 
Synapomorphi巴sof extant species are cl巴nticllat巴l巴afand larger diameter of resin canal. Alllong the 
extant species，Tsuga hetelophylla cliverges at the most basal position and retain日so日le
plesiomorphies. Other extant species are Illore specializ巴dand share SOIll巴apomorphies.At the n巴xt
branch， the other species are divided into th巴Americanand Asiun groups. The occurrence of th巴
mesophyll b巴twe巴nthe resin canal ancl the abaxial hypodennis as in Tsuga shimokawaensis and T 
sieboldii gained parallelly in each species. 
Other phvloeenetic works 
There were a few works concerning phylog巴neticinterpretation lIsing both pollen (Szafer， 1949; 
Gams， 1954; Ueno， 1958; Oszast， 1960; Fergllson， 1967) and chemical analyses (Taylor， 1972). 
The most parsimoniolls cladogram generated fiv巴onthe bases of main characters of pollen grains ar巴
presented in tables 22， 23 ancl figlre 97. 
Eleven characters w巴reexamined using generalmorphology (Fmjon， 1990; Tables 24， 25) 
Conseqllently 25 trees were generat巴dbut no consensus tre was obtain巴d(Fig. 98). These data 
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matrices only classified genus Tsuga into two sects. Tsug白 andHesp四日'peuceblt no species 
relationships within sect. Tsuga. 
Notes 
Fossil records and evolutionary history of Tsuga from Japan were reviewed and disCllSSed 
bri巴日y(refer to Matsllmoto et al.， 1994) (Miki， 1941， 1957; Tanai and SllZllki， 1965， Hllzioka， 
1964; Hllzioka and Uelllllra， 1973， 1974; Ozaki， 1979， 1991) 
Plltting together with fossil records， then巴wereat least tllree grollps of fossil species in the 
Neogene， Japan: resembling the extant western North American species， Tsuga helerophylla， eastern 
North Americ.an species， T.caroliniana， and Japanese sp色cies，T. diversifolia and T. sie/)οldi. By 
the Middl巴Miocene，it is sure that three of four groups of sect. T.日19a(except for Chi日弘、egrollp) 
were growing in Japan， but their relationships by the species level are not clear. 
Among them，Tsuga shimokawaensis can represent a consensus tree which is well gained based 
on fossil and extant relatives. Internal structure of Tsug.αleaf can be identified with most reasonable 
accllracy. It i凶ssure t出ha討tTsuga shinηwkawσe日nSl;九¥'has日oclose exta剖n吐tsp巴ciesand r陀etainsan a日c沼estral
foαrm of secαt. TSI印Lμ19a. The anc巴stralf，向ormofs民ect.T. 
hele町Jザrο'phザyllaσwhich are now separately distributed in western North America and East Asia. The 
ancestral type species had extincted in East Asia but has stil survived in a limited 1巴gionof western 
North America. 
Alnus 
The classification of the genus Alnus has been sl1lll1arized by Furlow (1990)， thol1gh there日re
som巴controversyabout subg'巴nusdistinction (Kubitzki 訂正1.， 1993). There are no works abol1t the 
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phylogenetic position using th巴mn巴rstructm巴ofbracts噌 infruct巴sc巴nc巴andfrlitぉ
Anatomy of th巴infructescenc巴， catkin and bract of Betulaceae w巴I巴eXal1ll巴dby Abb巴(1935， 
1938， 1974). He reported that the simpJ巴reJationshipof bract trac巴tobranch traces is the basic 
feature in g巴nusAlnus. Alnus sp. contribut巴sto a b巴t巴rlInd巴rstandingof th巴g巴nusin having 
woody bracts. Th巴11l0rphoJogyof the bract， fruits and smalJ twig-wood has b巴巴nnotably 
日lVestJgat巴das th巴traceof vascuJar bundJ巴， the thickn巴sof the wings of fruits，白ndaggregate rays 
in twigs. AJI of thes巴f巴aturesare resembling subg巴nusAlnus 
Historical review 
In th巴fossilrecords， Alnus appeared巴arJierthan the oth巴rBetuJacea巴(Wolfl巴， 1973; Crane and 
Stock巴y，1987). The巴arIi巴strecords of this genus bas巴don 1I日巴guivocalinfructesc巴ncesare froll 
the Paleocen巴ofEast Asia and th巴K巴naiP巴ninsuJa，Alaska (HoJlick， 1936; Crane， 1989)， from the 
Middle Eocene of south巴rn'EngJand (Chandler， 1960， 1963)， frol1l the Middle Eoc巴n巴ofOr巴gon，
USA (Crane， 1989)， and frol1l the PaJeocene and the Eocene of Russia (Budantsev， 1982， 1992) 
PolJen of Alnipollenites with diagnostic of the genus Alnus occurred in the Lat巴Cretaceous
(Miki， 1977; Crane and Stockey， 1987). Th巴IAlnus spread during the Early Oligocen巴oft巴nl1
npana日mixedforest and deveJoped.in south-western Asia (Takhtajan， 1982) 
The combin巴dpalynologicaJ and l1lacrofossil clata currently indicat巴:sthat Alnus was probabJy 
clifel巴ntiatedby the end of the Cretaceous (65 to 80 myr) (Crane， 1984， 1989; Manchester and 
Cran巴， 1987) 
As for the concepts among subgenera， by th巴Oligocene，most sp巴ciesdiv巴rsifiedand / or 
immigrated to Europe. Subgenera Alnus. and Alnobetula had already differ巴ntiatedancl wel巴
present in western North Al1lerica by the Mioc巴日巴(Ax巴Jrod，1956; Kval{ek， 1993). Ancl th巴11by the 
Mioc巴ne，many species diversified and distributed in the Northern Hemisphere 
Al10ng three subg. Alnus， AlnobetuJa and Clethropsis， FurJow (1979) suggested that subg 
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Clerhrop仏rwas firstly diverged， because the sl1bg. Clethropsis having endel1lic distribl1tion is 
drastically different from the wide-range distributions. The loss of the secondary bracts of the 
species of sl1bg. Clethropsis is correlated with strong redl1ctio日1日thesize of the bl1ndle to the organ 
(Abbe， 1935). 
Recently， Savard etal.， (1993) reported that genetic diversity and phylogenetic relationshipsare 
pres巴ntbetween Alnus and Betula. However， the divergence of the three sl1bgenera cOl1ld ilot be 
resolved with the gene sl1bstitl1tion rates (Jager， 1980; BOl1sgl1et etどtI.， 1987， 1988; BOLlsguet etal.， 
1992; Li and BOl1sgl1et， 1992; Savard et al.， 1993). It is Sl1re that A仇ιlSappeared lllonophyletic， 
confirl1ling results from a preliminary cJadistic analysis of morphological characters (FLlrlow， 1983) 
Used characters 
盈立五f
Here used the following six characters of bract of the genl1s Alnus. AIl of these characters were 
cOl1lpared with sixteen extant species (including one subspecies) (Table 1). They ure composed of 
12 in the sl1bg. Alnus， 3 in the subg. Alnobetula， and 1 inthe sl1bg. Clethropsis. Most of them 
were collected from Japan and westel11 North America. 
(1) Nl1Inbers of vascular bl1ndles in the abaxial bract 
(2) NUl1lbers of vascl1lar bundles in th巴adaxi al bract 
(3) The size of vascular bundles at the basal position 
(4) The size of vascular bundles at the tip part 
(5) Nl1l1lbers of filed xylem celJs inthe abaxial bract at the middle part of the bract 
(6) NUl1lbers of filed phloem cells in the abaxial bract at the middle p出 tof the bruct 
In character Jll1l1lber (1) and (2)， the numbers of vascl1lar bl1ndles are varying by their position 
and matl1rity in species level. The size of the vascl1lar bl1ndles ure also recognizable as variable 
characters depends on the position. The nUl1lbers of filed xylem and phloem cells are slightly usefl1l 
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characters blt are variぬlein position (Talコle13). Alnus sp. Iws four to nine numbers of vascular 
bundles in adaxial part， and one to eight nllmbers iJ川nabax別Ja心Ipaωrt. Al10印i日19t山h巴巴xt凶也ntspecies， Al.仇I刀ZU
hiυr:すYμrc，α7has fOllr to eight of vasclllar 司 bl日山.1ndl巴SJf口1adaxial pa出l此t，aJ日ld0日巴to 巴eightin 口abaxial pa山I目t.Th巴
ranges are well co-operat巴dwith each other. The numbers of filed xylelll and phloelll in the abaxial 
bract of Alnus Sp. 1 are recognized by 7-11 in the former and 3-6 in the later. These nlllllbers are 
slightly similar to those of Alnus hirsuta in having 10-15 filed xylelll and 4-8 fil巴dphloem.
墜包$..Q[t辺irs
Eight extant species were examined for comparison with Alnu.f sp. (Table 13). Five in sllbg. 
Aln仏c，two in subg. Alnobetula and one in sllbg. Clethropsiι 
For cOl1parison with the wing offJ山ts，following character was used (Table 13); thick or thin at 
the connected part of the白日itsbody at both lateral ends 
Aln仏csp. and examined al species of subgenlls Alnus possess thick wings， blt both sllbgenera 
Alnobetula and Clethropsis have thick wings 
TI自主担玉l
The following three characteristic featllres of the twig woods have been used for the phylogenetic 
reconstruction (Table 12). Twenty species in subg. Alnus， five species in subg. Alnobetulαand 
one species in subg. Cremastogyne (Furlow， 1979) are compared with Alnus sp 
(1) Distribution of intervascular pitting; absence or presence in transitional， opposite and alternate 
(2) Aggregate rays; absence or presence 
(3) Parenchyma cells representing as; diffuse， l1etatracheal， scanty and abundant 
Alnus sp. is characterized by predominant of alternate intervasclllar pitting ancl not preclominant 
of transitional ancl opposite ones， aggregate rays， 'ancl diffllse anclllletatracheal wood pmenchyma 
The sllbg. Alnus is recognized as the same characteristic features of Alnus sp. However， the 
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subg. AlnobetuJa is repres巴ntedby no aggI巴gat巴rays.Although th巴incompl巴tedata of 
charact巴risticf，巴atm巴sof subg. Cremastogyne was巴xaminecl，it has aggI巴gaterays 
Notes 
Alnus sp. eviclent that the vascular syst巴min the bract， th巴thickn巴5Sof the wing， ancl aggI官gate
rays in twigs support the accepted interpretations of morphology in slbg. Alnus 
Th巴tendencytowarcl the 1巴dllctionof secondly branches of vasclllar blncl巴Q山efOllnd the in 
many extant species of slbg. Alnobetu/.α. Th巴numbersof vasclllur bundles in adaxial and lat巴ral
bracts are very few in th巴subg.Alnobetula. 
The stucly of the relationships of the Asian taxa， slbg. Clethropsis ancl Crel1atogyne to be weJl-
known Americun and European species， wiJ be n巴巴c1eclfor regarcling th巴phyJog巴n巴ticanalysis 
Furthermore， the characteristic featur巴sof bracts ar巴changiabl巴byth巴irstage， slch as yOllng巴rOI
matllrecl (more woody last year mat巴rials)ones. 
Decodoll 
Constrllct巴CIa probable syst巴maticposition using characters of Decoc/on s巴巴dsare examinecl 
(MatsuIloto et al.， J 997b; Tables 26， 27; Fig. 99). 
The earJ iest OCCUI向日C巴ofDecodon is that of D. allenbyensis from the miclcle Eocene， 
Princeton， Canada (Cevallos-Ferriz and Stockey， 1988). By th巴Lut巴Eoceneancl 01 igocene th巴
genlls had spread into Ellrope and w巴st巴rnSib巴ria(1ミ巴idancl Chandler， 1933; Chandl巴r，1960，1963; 
Dorofeev， 1963， 1968， 1969， 1972， 1977; Graham， A. ancl Graham， S.， 1971; Eycle， 1972; 
Tiffn巴y，1981， Friis， 1985)， with continu巴d巴xpansioninto eastern Sib巴ria，Japun， ancl Alaska lntil 
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the Miocene. Decodon sp. from the Middle Eocene， Clarno beds， Oregon based on leaf forms was 
also reported (Manchester， 1994). The Pliocene distribution of the genus shows that only fOll 
species rel1lained and that they had become restricted to western Siberia and southern Europe 
(Tiffney， 1981) 
Fifteen fossil species of Decodon have been described as occurring frol1l the Middle Eocene to 
the Pliocene (Wolfe and Tanai， 1980; Tiffney， 1981; etc.). However，.most of these data provide 
only a partial and 1l0stly unclear morphological features. Only two reports with detailed 
日lOrphologicaldata， are Decodon allenbyensis， Middle Eocene， frol1l western North Al1lerica 
(Cevallos-Ferriz and Stockey， 1988) and Decoc/on sp.， early Miocene from Ellrope (Kvacek and 
Sakala， 1999). Therefore， we I1l1St be careflll to disCllSS the phylogeny of genlls Decoc/ol. 
Tiffney (1981) filed ma日yfossil species into three groups basea on the thickness of the inner ancl 
ollter .integllmentary zones of seed， although data on these aI巴 lil1lited. In Decodon /110S，αnruensu， 
D. allenbvensis， D目 vectensisand extant D. verticillatus， the outer i日tegumenlaryzone is thinne臼I 
I山ha山ntl山h巴1円er(Tables 26， 27穴;charげa∞cl臼巴r円no.3め) 羽f巾hiリlein Decoどdo川Tlgibhο 
0日t隠erl凶s1出hi比ck巴引rt山han出巴 JI川日1I1e町r.May et al. (1963) suggested that lhe dorsal spongy lisles of 
Decodon gibbosus and D. globosus are a gradational feature with a litle taxonol1lic importunce. 
Decodon gibbosus， may have other sutラsidiarygroup corresponding to D. globosus because lheil 
size and shape are gradalional featur巴(Chandler，1960; May et al.， 1963; May and Walther， 1978; 
K vacek and Sakala， 1999). They represent small distinctions among groups， together with lhe 
overlap of species size ranges. However， the dorsally very prolonged wilh a narrow ventral side 
and the height exceeding the width is characteristic of Decodon gibbosus and D. globosu.¥' 
(Raniecka-Bobrowskal1l， 1956). This form is contrary to lhe exlanl Decoc/onνerticillatus， and 
fossil species of D. mosanruensis and D. vectensis (Tables， 26， 27; charactel日0.5)
Fllrlherl1lore， Kirchheil1ler (1957) characterized lhat the extanl species represenls as generally 1l0re 
anglllar outline. The outline at ventral face of Decodoll lJlosanruensis， D. allebv仰 sis，D. vecten札¥.
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and extant D. verlIci/latus shows anglllar than those of other fossil grollps (Tablω，26，27; 
character円0.4)
Most parsil1oniollS c1adogral1 generated on the seed characters provide that DecodoTl 
lIosanruensis， from the Miocene， ShiJllokawa， D目白Ilenhye凡口sfroJll the Eocene， western North 
America and extant species of D. vertici/latus are sister grollp. Based on the c1adistic data， two 
llajor grollpS were separated: one grollp has been distribllted in North Alllerica and Japan， a日dthe 
other grollp (Decodon globosus and D. gめbosus) was wider distributed in Ellrasia. 
Evolutional and phytogeographical implicatiol1s 
New information ofηuga and Decodon investigates sOl1e evollltional and phytogeographical 
revisions (Matsllllloto et al.， 1995; Matsumoto et al.， 1 997b ).Previolls works，ιllch as Flori円
(1963) in coniferolls genera and by Tiffney (1981) in Decoc/on reported that the clistribution of 
fossil remains and their histories. However there are no accurate phytogeographical relationships of 
dispersal， isolation and restricted capabilities in a level of species and 101' species grollp. 
As perminel百lizedplants have many characters for their phylogenetic analyses， they Jlay be of 
vallle in fllrther assessing the evollltional trend and phytogeography (Patterson ancl Rosen， 1977) 
The case of Tsuga leaf and Decodon seed is demonstrated intra-continental isolated and restricted 
history among the fossil and the extant species. 
Tsuga 
Tsuga is ever dOl1inant clil1ax tree and with a relatively long fossil history in the Northel円
Hemisphere and now distributed in four m旬。rregIons with eight species repre回日tedby vicariant 
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speceis (Florin， 1963; Farjon， .1990; Kralller and Green， 1990). By the Mioc巴ne，the distri bution of 
Tsugαwas beginning to become restricted as climate cooled (Lepage and Basinger， 1995). Tsuga 
disappeaI"巳dfrom Europe after the Pliocene when the climate was more cooler considerably (Van del 
Hammen et al.， 1971). However， then巴isa litle knowledge of their phylogenetic relationぉhipsand 
evollltional history， becallse a few anatomical works among fossil and extant species， and no fossil 
remains from eastern North America and SOllth East Asia (Florin， 1963; Faりon，1990). 
Evo!ulionα門間百emsin IJhvloi!enetic work 
Tsuga shunolwwaensis can now be interpreted evid巴nceto sllggest trends and patterns for the 
hemlock evollltional history (Matsllmoto et a/.， 1995). The leaves of Tsuga have been presulllably 
atriblted to the correct tribe. Tsuga shimo此awa白!siswhich retains an ancestral f0I11 of sect. 
Tsuga， exhibit characteristic features not seen in the extu日tTsuga species. 
The basal species of sect. Tsuga species was assigned to concerning with T. hetel口'phyllaof 
the western North American species. The ancestral type has probably beCOllle extinct in East Asia， 
bl1th日ssurvived in a limited regio日ofwestern North Alllerica (Fmjon， 1990). The difference 
between western North Alllerican species and other species shows a higher level of evollltionary 
plasticity of mOlphology in foliage. The similarities of known featlres between Tsuga 
shunokm何lensis， and T. heterophyUαand T. sieboldu give th巴hintof the extant distribl1tion. The 
extant Japanese poplllation of Tsuga probably represents the remnants of the once extensive North 
American popl1lation 
This resu]t is well co-operated with other data， slch as compressed fosil records (Van Campo 
Dl1plan and Gallssen， 1948) and phytochelllical analysis lsing T.¥'Uga merte/lsial1a and T. 
heferophylla (Taylor， 1972). Since lllorphological similarities between fosぉilT. 11四"fensioicesand 
extant T. merte凡口αnα，and between fosil T. sonomen.ロsand extant T. heterophylla have been 
reported， two extant species have been existing in western North America as once ext~nsive plants 
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during the Tertiary (Axeh'od， 1976). 
Paleo・IJhwoe巴oeralJhv
The slightly richer fossil records and less intensive sludy offered llnderestimation of early 
Tertiary distriblltions， particularly in Asia. The oldest fossil remains from the Eocene have been 
discovered in the Maritime province of Siberia (probably originated place)， but there was no 
Oligocene fossil remains from Asia (Florin， 1963). Besides， hemlocks are known to have existed 
in Europe and western North America in the Oligocen巴(Gams，1954; Florin， 1963; Table 10) 
These fossil records show that extant T.山 gaspecies had evolved by the end of the Oligocene， with 
taking place in the late Mesozoic and the early Tertiary (Axelrod， 1976; Miller， 1976). The rang巴目
。fexpansio日duringthe Oligo-Mio-Pliocene in Europe， Japan and western North America， 
restriction in the Pleistocene， und extinction from Europe by the Late Pleistocene were known by 
1l1acro-and l1licro fossil remains (Gams， 1954; Florin， 1963) 
As indicated for the xtant distribution by the fossil records， Asia is the last center of modern 
generic diversity (Miki， 1941， 1957， 1961;Tunai， 1961;Tanai andSuzuki， 1965;Ozaki， 1974， 
1979， 1991; Huzioka and Uemura， 1973， 1974). During the Miocene， muny of endemic and al of 
the extant Asian species'had broadly distribllted throllgh Japun (including Hokkaido). SOl1le of thell 
are suggested as their resemblance with western North American species (7. shu/1.ok仰 vαenSlS一主
heterophylla and T. sieboldii二T.oblo/1.ga， -T. heterophylla・and/ or T. camliniαnα T. miocenicζ{ -
-T. heterophyllα) (Fig. 100). 
Concerning with a Eurasian species， one m勾orinterval of extinction was occurred in the 
Pleistocene between Europe and Siberia by climatic cooling (Wolfe， 1978). One of the Oligo-Mio-
Pliocene Eurasian species， Tsuga europaea with large distriblltion area was disappeared by th巴end
of the Pliocene (Mai， 1995; Mai and Walther， 1978). Palynological evidence also suggested that the 
reductions of T.l'uga w巴reassociated with clim日ticcooling and glaciation (Gal1ls， 1954). Th巴
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extensive regional extinctions involving several species of Tsuga were progressed in Europe， 
most1y Eurasia and northel口Japan. However， several Tsuga species have been survived in North 
America and eastern Asia after the Plio-Pleistocene. 
Japanese fossil species n巴sembleth巴foJlowi ng extant species， Tsuga 白口eboldii，T. dIlersijC)!ia， T.
heterophylla， and T. carolinIana. However， North AI1l巴ricanfossil species are similar to the extant 
species T. merfensIana and T. heterophylla (Axelrod， 1976; Mill巴r，1976). From these clata， it is 
sure that T. heterophylla type fossil species (such as T. shimokawae凡sis，T. oblongα， T.miocenica 
ancl T. sonomensis) had successfuJly colonizecllm耳目 areasbetween J apan ancl western North 
Alll巴ricaby th巴巴nclof th巴Tertiary. Insteacl of th巴tribeof T. heterophylla ， the native T. 
mertensiana probably have limited clistributio日1Ilwest巴rnNorth Am巴ricabecause no I巴1ati ves were 
fOlncl from th巴TertiaryJapan and east巴rnAsia. Furth巴rl1ore，the ancestral species of Tsuga 
sieboldii ancl T. diversifolia were colonized in Japan after the Mioc巴ne(Table 10). 
Throughout ml1ch of the Cretac巴ousancl Tertiary， Beringia was above sea level ancl was， 
th巴refore，a fl1nctional corridor for floral exchange between Asia ancl North Al1ericaσiffney， 1985， 
L巴pageand Basinger， 1991). Th巴口laphints at the exist巴nceof at least one migration rout巴betw巴巴n
Eurasia ancl North Am巴ricain the Early Tertiary across Beringia (Florin， 1963). Liu (1982) 
suggested that the cent巴rof orig川 isprobably in Asia， but it is not c1ear because of a guite f，巴wfossil 
remains from China. Since Pal巴oc巴n巴andEocene strata are not b巴terexposecl， on巴cannotrul巴out
the possibility th巴originof an Arctic region between eastern Siberia ancl western North America 
However， this phyloge日巴ticapproach ancl fossil recorcls possibly suggests th巴isolateclpatterns of 
T.suga species across the high northern latitudes (Matsumoto etal.， 1995; Fig. 100). 
Migration b巴tw巴巴nNorth Am巴ricaancl Eurasia has probably occurred along two major routes 
during th巴T巴rtiary:one across Beringia b巴twe巴neastern Asia ancl west巴rnNorth Am巴rica，th巴oth巴I
across high north巴rnlatitudes between eastern Asia ancl Europe (Florin， 1963). 1t is important to 
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note the absenc巴ofTsugαremains in RllSsia (middl巴ofEllrasia) dllring the Oligo-Mioc巴n巴
During th巴Paleoc巴neand th巴Eoc巴ne，the Thlllian ROllte， through sOllth Gre巴nlandto Ellrope is 
thOllght as a series of islands along th巴Icelancl-Fa巴roeRidge (McI<:enna， 1972， 1975; Talw<lni et al.， 
1976; LePage and Basinger， 1995). During th巴Oligocene，the North Atlantic ROllte was apparently 
functional ancl available to constitllents of high-Iatitud巴forests，including Tsugα(Florin， 1963). 
Most memb巴rsof Pinaceae which were represented in th巴earlyTertiary fossil record of th巴Canaclian
Arctic， were absent from the Paleocene and the Eocen巴inwestern Europ巴(Florin，1963; LePage and 
Basinger， 1991， 1995). Although the North Atlantic Rout巴Sappear to have been availabl巴forthe 
excha口geof plants， subtropical climate of Europe during the early Tertiary appears to have b巴巴nan 
effective floral filter (Collinson， 1983) 
Tsuga heterophylla type expansion is u日d巴rstandablein progress in the Pacific regions of 
northern latitude at least by the Neog巴ne(Axelrod， 1976)ー Itis w巴1co-operated that T:印rα
heterophylla type is the first group of sect. Tsugαand had once wider distriblltion 
Southward range expansion was occurred and simultaneously extincted from the north巴rnparts. 
No fossill官mainsfrom Hokkaido was fOllnd from the Late Miocene because of climate cooler 
(Tanai， 1961). Tsuga sieboldii and T. diversifolia have be巴nexisting as the re口lnantspecies in 
Japan. 
Furth巴rmore，det巴noratlo日ofthe climate throllghollt the Northern Hemisph巴recluring the 
Neogene effectively separated the Chin巴seTsuga species from Japanese populations (Florin， 1963). 
As no fossils are recorded from eastern North America and SOllth East Asia， blt it is likely that 
Tsuga species occun巴dthere by the Neogene. The present isolated populations of Tsugαιhinen以、
<lnd T. clumosa in China and Taiwan， and T. carolinial1a and T. canaclensis in巴出ternNorth 
Al1erica possibly represent as the remnants of the once extensive species 
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Decodoll 
Th巴 fo~sil records and histological data indicate that the ge円lISfirstly appearecl in west巴rnNorth 
Am巴ricaancl then in western ElIrop巴priorto th巴LateEoc巴円巴 Movelllent 'of f10ra b巴tweenNorth 
Am巴ricaand Eurasia was possible through three land bridges that exist巴dat this tim巴(Tiffn巴y，1985;
Lepage and Basinger， 1995). Tiffn巴y(1985) clescribed that western North Am巴ricaand eastern 
Asia probably derivecl th巴irsharecl component offlora by both th巴Atlanticancl Bel川gland bridges; 
the relative co日triblltionof each is lInc]ear. 
Decodon mosanru出lsisprobably related with the North Alllerican poplllation sOllletillle prior to 
the Miocene (Matsullloto et al.， 1 997b). As th巴c1imaticchanges sllch as drying and cooling were 
occurred by th巴Pliocene，Decodon occasionally responded to thell. Becallse extant Dec口d口n
verficillafus regllires high-hllmidity levels， itcommo日Iygrows in and arollnd lakes， sw出11p5and 
rivers (Britto日andBrown， 1970; Manchester， 1994). Furthennore， th巴irliving ecology achi巴ves
rapid vegetative spread， fonning dense mats in wann-temp巴rateconditio円(Correll，D. and COJl巴1，
H.， 1972). It is also know日tobe transported by wat巴rfowlby the f10ated s巴巴dstructul巴(Ridl巴y，
1930). Conti日lIedcooling and dryi日geliminated Decodo/1 from ElIrasia by th巴Pleistoc巴日巴， and it 
has be巴npersisting only in east白 nNorth America now. 
PαleO-J!JvfopeoeraJJ!1.v 
The stratigraphic and g巴ographicrange of the Decodon remains in Europe， ElIrasia， India， 
western North Am巴rica，and Hokkaido， Japan (Fig. 101) have been I官portedfrom U1e Middle 
Eocene to the Pliocen巴(Tiff日ey，1981). The eastward dispersal of Decodon from ElIrope into 
Siberia was possibly occurred through a shallow epicontinental seaway， becallse Tethyan Sea 
throllghollt existed most of the early 丁目tiary(McKenna， 1972) 
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Judging from three grollp， Decodol1 gibbosus group in 1ndia and England， having a great dorsal 
spongy tisle of th巴integllmentaryregion is pointed Olt the Old World speci邸 (Sahni，1943; 
Dorofl巴ev，1977; Tiffn巴y，1981). The resllt of my phylogenetic analysis is well-co-operated with 
these fossil remains becallse Decodon gibbosus grollp is located at the basal position of this g巴日lS
(Matsllllloto et al.， 1997b). Newly fOllnd DecοdOIl species from the low巴rMioc巴口巴ofnorth巴rn
Bohemia is characterized by very prolonged dorsal side， and is recalled the Decoc/，ρ1 gibbosus. typ巴
(Kvacek and Sakala， 1999). Th巴nDecodon globosιf grOllp in which the spongy tissue was much 
less d巴velopedwas OCClll'l吋 ingr官atadvance in Eurasia， dllring th巴Mio-Plioc巴n巴
The North American Eocene species Decodol1 allenby四日isis distinguished from the D. 
gibbosus group which has crystals in the integllment and a smooth inner integumentaJγzone 
(Cevallos-Ferriz and Stockey， 1988). 1n North America， Decodon was probably more widcspread 
than previously expected regions because of the finding of Decodol1 alaskana leaves from th巴
Miocene， Alaska (Wolfe and Tanai， 1980). The North American species have been litle evolved 
during the Neogene， then it 1as b巴巴nsegregated into th巴limitedeast巴rnreglOJl 
The Eocene west巴rnNorth American， the Miocene Shimokawa， and extant eastern North 
Al1erican species were grouped onto one clade (Matsumoto et al.， 1 997b). The Beringian Corridor 
forl1ing a conti日uousnorlhern landmass and facilitating dispersal was probably effective for lhe 
western North American fossil species which had capability for migrating into Japan (LePage and 
Basinger， 1991; Matsmnoto et al.， 1997b). 
The reason why Decodon seeds are well suited to aquatic and semi-aqllatic dispersal by l1eans of 
wing like expansions of the seed coat and blloyant spongy tissue on the outer seed coat. Both fruits 
ancl se氾dse巴口1to have been fitted for long illllllersion in wat巴r(Koehne， 1903; Sahni， 1943; 
Grahal1， 1964). This may be a further indication of the facilities for ocean trav巴1which Decodon 
gib!Jo.¥'us and D. globosus group shared with thick spongy lissue form (Reid ancl Chandl巴r，1933; 
Sahni， 1943) 
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Then population in and around Eurasia probably became extinct by the Late PI iocene through the 
clillatic changes such as drying and cooling (Wolfe， 1978). The Dec口d口nremains were apparently 
absent from the Pleistocene fossil f10ras but Decodol1 survived throughout the Quaternary tille with 
ll日01'morphological change (Grahalll， A. and Grahalll， S.， 1971; Tiffney， 1981). Wang (1961) 
and WoJfe (1978) suggested that the Eocene-OJigocene cJimatic deteriOi・ationcaused outright 
extinction of many boretropical taxa， incJuding the lllajority of the therlllophiJic eJements， ineastern 
North America. They described that the illid-and late Tertiary derivatives of the sutヲtropicaJfJora in 
eastern North America suffered greater extinction than did their countelparts in eastern Asia (Tiffney， 
J 985). However， inthe case of Decod，口'12 it was extincted from Eurasia by the late Tertiary but stiJl 
existing in eastern North America. Since it is well adapted aJong the river and Jake enviro日lllents，
Decodmz are possibJy fewer affected by the cJimatic deterioration. 
Migration 01' range expansion across high northern latitudes expJains occurrences of the ilOSt of 
same genera in N0i1h Alllerica and Eurasia during the Tertiary. The occurrence of fossiJ taxa in 
Alaska (WoJfe， 1978; Wolfe and Tanai， 1980)， inSiberia (Dorofeev， 1977)， and in Canada (Hills ef 
α1.， 1974) from the Eocene to the Miocene， demonstrates that cJil1late was favorable for the spread 
and across arctic regions. The Middle Miocene wanning to cooJing allowed some interchange of 
lineages between l1liddJe latitudes of Eurasia and North America through Beringia Corriclor， which 
developed a diverse f10ra (WoJfe， 1972; Wolfe and Tanai， 1980; Lepage ancl Basinger， 1995). The 
Beringia region acted as a Jand bridge more 01' les continuously from the Late Cretaceous to the Late 
Neogene， Jimited onJy by the prevaiJing warm cJimate (WoJfe， 1994). Most phytogeographical data 
support the notion that important f10ristic reJationships existed between Hokkaido， eastern Asia， and 
SakhaJin (Florin， 1963; AbJaev， 1978; Tanai， 1992) 
The phylogenetic works of行μgaand Decodon suggest that the other important floral 
relationship in northern Japan and western North America had been probabJy existecl 
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Summary 
Th巴well-pres巴rv巴dv巴getatlv巴andreproductiv巴organsnot only allow direct comparisons with 
the anatol1y of thos巴ofextant taxa but also provid巴charactersfor phylogen巴ticanalysis of a given 
plaf1l group. The anatol1ical comparison of pennin巴ralizedand extant species can h巴Ipinv剖 igate
phylogenetic and phytog巴ographicrelationships. Thes巴analysesimply phylogenetic relationships 
can be b巴t巴rreconstrllcted with fossils. Fossils provided successful results in the cladistic analyses 
of OSi1unda rhizome， Tsuga leaf， and Decodon seed. I日other1巴sinforl1ative cases， fossils 
were also useful for phylogenetic consideration of Glyptostrobus con巴， poll巴ncon巴andleaf， Picea 
cone and leaf， and Alnus infructescence and fruits. 
The phylogenetic reconstrllction of the OSlllU日daceaelllostly agreed with the topology obtained 
from recent phylogenetic work of extant taxa. The g巴nusOsmunda is日ot1l10nophyl巴tic，and lllake 
a sister group with Todea and Leptopteris. AII of Tertiary and extant speci巴5of subg. Osniunda 
and PlenaSIWl1 and extant O. claytoniana constitute a 1l0nophyl巴ticgrollp. OSl1unda Sp. is locat巴d
at th巴llidl巴partof this lineage and well resembles Neogene species. The fossil species of subg. 
。訓l1undainclllding O. c1aytoniana and subg. Plen品目umgroup has a sist巴rgrollp of extant species 
of sutヲg.Osmunda. Osmunda cinnamomea of subg. Osmundastrun is the most basal species in the 
Osmundac巴ae. Osmunda cinnamomea and 0. claytoniana. are shown to be distantly relat巴d.
Based on th巴leafmorphology， the ancestral form of sect. Tsuga is retained in the Miocene 
species of T. slumokawαensis and extant western North Al1erican species of T. hefer，ロphyUa
Al1long the extant species， Tsuga heterophyU，αdiverged at the 1l0st basal position and r巴tamssome 
plesiomorphies. Other species are more specialized and share sOl1e apomorphies. At the next 
branch， these other taxa are divid巴dinto the American and Asian grollps. Conseqllently， sect. Tsuga 
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量comprises four species groups: T. heterophylla ， western North Alllerican group; 7てcαnac/，ωlsisand 
T. caroliniana ， eastern North American group; T. sieboldii and T. diversifolia ， Japanese group; 
白ndT. chinen・sisand 工dumosα，Chines巴group.
Th巴MioceneDecodon 11losanruensis resembles as a polytomy with the Eocene western North 
Alllerican and extant eastern North American species. 1n the absence of examinatio日ofmany fossil 
forlls， the aCCl1rate phylogeny of Decodon can be slightly obtained in agreement with Tiffney 
(1980) and Mai et al. (1963). At least， two groups are examined; Decoc/on gib!Jo・ロωand D 
g!o!Josus are basal group and other group is including extant sp巴cles.
As features of con巴and1巴afof Glyptostrob此sshow mi日orchanging， itis b巴li巴v巴dthat the g巴nuぉ
was evolved long time b巴for巴theTertiary. Glyptostrobus rubenosawαensis is id巴ntifiedas slightly 
differ巴ntspeceis possessing larger cone and a prominent pr句ectionof the bract 
Taxonomic position and phylog巴neticdetails of each Picea sp巴ciesare a litl巴det巴ct巴dbased on 
both leaf and cone. The six form species i日theMosanrl1 Formation ar巴1志向mblancewestern North 
Am巴ricanspecies and now restrict巴dJapanese ones. 
The character analysis of Aln仏spr巴sentedth巴phylogeneticpolarity by sllbgenlls 1巴vel
Osmunda， Tsuga and Decodon cas巴sare the bett巴rfitting to analyze the phylogeny. Th巴pl1rslit
of a c1adistic method and the applicatio日forthe phytogeography has provided som巴resollltionthan 
hitherto achieved 
OSl1u/Zda is w巴1analyzed for its phylogen巴tlC1巴constructionbl1t itis not adapt巴dfor the 
COS1l0politan distribution. As巴achfossil and extant species of Osmundαhas greater variation， they 
are COl1lprised as their phylogenetic relationships bl1t litl巴g巴ographicalassesslll巴nt.
Both fossil and extant Tsuga leaves have avaiJable characteristic features. The characters of Jea 
日reeas町 to faJs均 than other organs of hYF川 hesesin T.白山gacJacl巴， becaus巴th巴character-st批 gaps 
eXlst within each species. Decodon seed is physiognomically very consistent and w巴1comparabl巴
to thι1 of th巴extantreJict species instead of the vegetation change from the Eocene to recent time 
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Fossil Glyptostrobus is distinguished frol1l th巴extantGlyplosll口hl品 bycharacteristic featur巴sof 
se巴dcones. Since Glyptostrobus represents only a f，巴wcharacteristic change dllring the Tertiary 
and QlIaternary， the phylogenetic relationships can not be analyzed 
Each fossil and extant species of Picea and Alm日 hasa litle characteristic change within th巴
ge日lIS. Because many of them were growing in close and overlapped regions and making some 
hybrid species. Some of their 1l0rphological featllres are not segregated by each other. Since each 
character may be associated with almost any combination of other characters， the characters are 
probably controlled by relatively few gen巴sand pm叫lelevolution. The excellent crossability 
between adjacent spec附 orbetween spec回 connectedby intenned川 esalso indicates that the total 
amollnt of morphological differentiatio日hasbeen slight. The general classification will have to be 
reconstructed by more credible anatomical char日cters.The phylogenetic reconstrL1ction of Picea and 
Alnus has to be focused for researching some gaps in characteristic features of organs. 
Fllrther implications，Tsuga and Decodon investigates some evolutional and phytogeographical 
revisions. The reliable f10ral relationship between northern Japan and western North America had 
been probably existed in the Miocene throllgh Beringian Corridor. 
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Chapter VI 
CONCLUSION 
In the Shimokawa region of north-centraJ Hokkaido， the Jate MiddJe Miocene Mosanru Formation 
and overJying Sanlll Lava unconformabJy covers the pre-Tertiary basements. The pJant-bearing 
Mosanru Formation is divided into the Jower and upper parts. The Jower part is composed 
mainJy of congJomerates， sandstone， tuffaceous mudstone and pllmiceous tuff. It is divided in 
ascending order into the basaJ congJomerates， Ichinohashi tuff， congJomerates which is r'巴cognized
as fining llpward cycJic accullluJations， and MOSanrll-bashi tuf. The upper part is composed of 
cyclic sediments of congJomerates (the basaJ part of thick congJomel羽田)， sandstone， l1ludstone， 
silicified rocks and Jignites. Seven siJicified beds (S I-S7) in the llpper part are tenninated in each 
fining llpward cycle. The S3 bed yieJds strllctllrally well-preserved plant remains. 
The plants in the S3 bed incJudes fifteen forms，two fonns of fern stel1s， eJeven forms of 
coniferous leaves， shoots， cones or woods， two forms of dicotyledonous infructescence， fl山 ts01 
FrOI1 the Ilode of occurrence in the S3 and othel・silicifiedbeds and th.e habitats of similar extant 
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relativ巴s，swalllp and swamp七ordervegetation. Glyptostrobus was a Illain constitllent 
accompam巴dby Picea sp巴ciessllch as P. nakauchii. The fr巴qu巴ntoccun巴nceof th巴swamph巴rb
Decodon mosanruensis and the pres巴nc巴ofOSl1unda also indicat巴sllcha swalllp and swall1p-
bord巴rvegetatlon. 
Th巴twoP巴trifi巴dforests i n th巴gravelarollnd Kos巴卜bashi，sugg巴sta pll巴standsof 
Tαxodioxylon (most probably Glyptostl口bus)at the locality AI and Ostrya at the locality AII. 
Transport巴d臼licifi巴dwoods are monotonollsly compos巴dof Tl山 7Clioxylonsp at th巴AI，AII， BI-III 
localiti巴s. Associat巴dwoods are Picea sp. and Fagus sp. at th巴BIIand th巴BIIIlocalities in th巴
llpp巴rpart of the MOSanrll Forlllation 
The flora froll the MOSanl.l Formation differs considerably from with Middl巴toLat巴Mioc巴日巴
floras in Hokkaido. CI巴arly，this is dlle to the d巴positionaland ecological巴nvironll1巴nts，along with 
th巴f巴atm巴Slll巴achplant ass巴mblageofl巴aff1ora， v巴rSlswood， frlit and s巴巴dflora. How巴V巴i，
taking th巴presenc巴ofmany Pinac巴ousconifers and SOIll巴broad-I巴av巴dtre巴sinto consicleration， the 
flora from the Mosanru Formation shows overall similarity to other Middl巴toLate Mioc巴n巴f10ras
llnd巴rtemperat巴towarm-t巴mp巴rat巴climat巴.Howev巴r，th巴florais llniglle r巴presentingas dominated 
Glyptostrobus and Picea， with Decodon 
Using the internal morphologi巴s，taxonomic works w巴I巴mad巴foral plants 1巴cognizedfrom th巴
S3 b巴dofth巴MosanruFonnation， and many woods. Total of 17 fonns， falling in 6 famili巴sand 9 
g巴nera，and 15 fonns of unc巴rtainaffiniti巴sar巴d巴scrib巴din d巴tail.Phylog巴n巴ticanalys巴sw巴I巴
ll1ad巴fOI・5巴l巴ct巴dtaxa sllch as Osmunda， Picea， Tsuga， Alnus and Decodon. 
Th巴g巴nlsOsmunda is not monophyletic， Todea and Leptopteris al巴sistergrollpS of th巴
sllbg巴nlSOsmunda clad巴 Osmundac/aytoniana ShOllld not b巴plac巴din sllbg巴nusOsmundastrul1
and ShOllld b巴mov巴dto sllbg巴nlsOsmunda. Accordingly， sllbg巴nlSOsmundasfrum contains 
only O. cin11wnomea. 
Th巴ancestral fonn of s巴ctionTsuga is r・巴tam巴din T. shil10kawaensis and a w巴st巴rnNorth 
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Am印刷nspecies. Th巴l巴afstruCtl山 iseasier to fals均 thanoth巴rorgans， beca山 emorphological 
gaps exist between each sp巴Cl巴s.Th巴sectionTsuga is divid巴dinto four species groups: J apan， 
China， western and east巴rnNorth America 
Decodol1 mosanruensis app巴arsto be possibly related to west巴rnNorth American fossil 
sp巴ciesand an巴xtantone which is distributed in eastern North America. 1t is recognizecl as a 
polytomy with Eocen巴andextant sp巴Cl巴sand group巴dinto one. Th巴phylogeneticresults show that 
Decodon gibbosus and D. globosuゴgroupoccun巴din the basal position and then D. vectensis 
group probably diversified in Eurasia from the Eocene to Plioc巴n巴.
Picea and Alnus are not well segregat巴dat species level， because most species in each genus 
have litle morphological differenc巴andlitle available characteristic features for phylogen巴tlC
l巴construction. Many have grown in overlapping regions and proclucing several hybrid species 
As crossing between adjacent some species freguently occurr巴d，the totalmorphological difference is 
probably slight 
Phytogeographic considerations based on the phylogenetic relationship in each group give a 
l巴newedancl concrete picture for Tsuga and Decodon. Thes巴twog巴nera，showing Tertiary 
holoarctic distribution in the Northern H巴misphere，indicate passage from North Al羽田lcamto 
eastern Asia via B巴ringLand Bridg巴.
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Fig. 2 Stratigraphic succession of Pre-Tertiary to Quaternary deposits in Shimokawa region. 
Comparable division of stratigraphic units refer お手間viousstudies and this study. 
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Fig. S. Geologic map of the Shimokawa region 
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Fig. 9. Columnar sections of the upper parts. Showing the grain size 
of Ninohashi conglomerates (mm in diameter) and silicified beds 
(81・87).Figures denote route number of columnar sections. 
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Fig. 10. Comparison with the composition and thickness of 
the Mosanru・bashituff from east of Mosanru-bashi to 
Kyowa-bashi along the Nayoro River. 
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Fig. 11. Route map along the Nayoro River from eastern and central 
areas (routes 1 and 1)， showing the sampling points of rocks 
and silicified beds. 
Fig. 12. Outcrops of the Hidaka Group and the Ichinohashi tuff in the 実的roro
River (route 1). 
A: Mudstone of the Hidaka Group (Loc. 970729-2).お， C: Welded tuff of the Ichinohashi tuff 
(Loc. 970729-5). D: Fine tuffaceous f10w deposits containing with charcoal woods， middle part of 
the Ichinohashi tuff (Loc.ヲ70729“6).
Fig. 13. LocaIities of silicified woods 
(erected woods and drifted logs) 
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Locs AI， AII: Kosei-bashi conglomerates ・Silicifiedwoods (erected) 
Logs(drifted) 
Loc. Bl: Ninohashi conglomerates 
Locs BTl， BIII: 'Behveen SI and S2 horizons ・Logs(drifted) 
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Fig. 14. Outcrops of the Kosei-bashi conglomerates in the Nayoro River 
(100 m e伺asはt0ぱfKoωsei.ゐa邸shi吋，route 1). 
A: Tuffaceous sandstone in the 2nd fining upward cycle of the Kosei-bashi conglomerates (Loc. 
970729-23). B: Enlargement of A， showing the par叫lellaminated structure. 
C， D:In the upper part of the 3rd cycle， showing in situ silicified woods in fine tuffaceous muddy 
sandstone (Loc. 970829-0; Specimens nos. 961 0312A， B). 
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Fig. 15 Distribution of silicified woods (both erected and drifted materials) in the 
Kosei-bashi conglomerates (Locs. AI: 980703， AII: 980705-12)， showing the 
directions of long axis of drifted logs. 
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Fig. 16. Outcrops of the Kosei-bashi conglomerates in the Nayoro River 
(20・50m east of Kosei-bashi， route 1). 
A: Conglomerates in the lower part of the 4th cycle (Loc. 970829-1). s:Tuffaceous muddy 
sandstone in the upper part of the 3rd cycle (Loc. 970829-0). Showing paralle1 and cross laminated 
structure. C: 11 situ fossil trumk (arrow head) (Loc. 970829-0， Specimen no. 980730-1 ) 
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Fig. 17. A: Sketch showing erected woods in the upper part of the 4th cycle and 
drifted logs in the lower part of the 5th cycle in the Kosei-bashi 
conglomerates (Loc. AII: 980705・12;Specimens nos. 980705・12A-]).
B: Projection of the axis of the trunks. 
Fig. 18. Outcrops of the Kosei-b附 hiconglomerates in the Nayoro River 
(west of Kosei扇町b山 hi，route 1). 
A， B: Drifted log and subangular to subrounded gravel derived from the Hidaka Group in the 
lower part of the 4th cyc1e (Loc. 97082仏2)袈
C， D: Boundary between 4th and 5th cycles (Loc. 970730-3-1). D: Enlargement of C， 
showing the drifted logs and cracked structure in the tuffaceous muddy sandstone‘ 
Fig. 19. View of the study site of the Mosannトbashituff 
A: Pumiceous tuff with accretionary lapili， showing grading upwardly in the Nayoro River・
(Loc. 970730-5; route 1). Scale mark = 8 mm. 
B， C:Coarse pumice deposits including soubrounded conglomerates derived from the 
日idakaGroup， inthe Mosanru River (Loc. 970801-10; route VI). 
Arrow head showing charcoal wood with branch. 
Fig. 20. Outcrops of the 
Mosam・u・bashituff， near 
Kocho・bashiin the Mosanru 
River (route VI) (Loc. 970828-1) 
A: Whitish-green fine tuffaceous 
mudstone in the upper part of this member 
B: Parallel and cross laminated 
structures. 
c: Enlargement of B having many charcoal 
wood particles， pumice and scoria. 
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Fig. 21. Root map along Rube-no・sawaand the Nayoro River 
(routes 1-V)， showing the localities of rock sampling points and 81・S7beds 
Legend 
亘ヨ Slbed 
@ 
Route VI 
一|M蜘 nru・bashitf|斗
B1osanru-lQ"ou・bashi
Fig. 22. Route map along the Mosanru River (routes 1， VI)， 
showing rock sampling points and Sl bed. 
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Fig.23.Route map along the Nend04awa (routes I，VII)， 
showing rock sampling points and S3・84beds. 
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Fig.24.Route map along the sanru mimami・2sawa (route VIII) ， 
showing rock sampling points and 83・84beds. 
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Fig. 25. Distribution map of 7 silicfied beds in the central part of the 
Shimokawa region. 
Topographical map adopted from "Shimokawa"， scale 1:25，000， 
Geographical Survey lnstitute， Ministry of Construction of Japan 
Fig. 26. Outcrops of the Ninohashi conglomerates， inthe Nayoro River (rollte 11). 
A-C: Ninohashi congJomerates， close to Kyowa-bashi (Locs. 970827-1，2): 
B， C: SiJicified drifted Jogs. 
0: Pebble sized rounded congJomel引esand tuffaceolls muddy sandstone matrix， close to 
Hayakawa-bashi (Loc. 97073ト11-3).Arrow heads = driftd silicified logs. 
Fig. 27. Outcrops in the Sanrlト沼inami2 sawa， and in and along偽eSanru River 
(route VIII) 
A: Tuffaceous conglomerates containg charcoal woods which are refi自宅ableto the middle 
part of the Ichinohashi tuff ? (Loc. 970609-1). 
B: Slightly sorted conglomerates whch are referable to the Ninohashi conglomerates 
(Loc. 970609-2). 
C: Silicified rock is probably originated in S3 bed (Loc. 970609-3). 
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Fig. 29A:Columnar section of the upper part of the Mosanru Formation， 
in the Rube-no・sawa(route 111) showing the silicified layers 
(81-87). Outcrop of the 83 layer in the 3rd cycle with sketch 
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Fig. 29B. 8emi-drawing of silicified layers (81-87) at the Iocs. 
BII and C・E，in the Nendo-zawa， Rube-no・sawa，Nayoro River and 
Mosanru River. 
Fig. 30. Outcrops in the Nayoro River and the Rube-no・sawa
A， B:Outcrops of the S 1 bed at the Loc. 961031-3 (A， Rugged surface弔B，Smoothed 
surface). 
c: Outcrop of the S3 bed at Itoge-no-taki， showing roughly rugged basal part of this layer. 
D: Outcrop of the S4 bed near Hayakawa-bashi in the Rube-no同sawa，showing transrucent 
structure (Loc. 970603-1) 
81 
Fig. 31. Outcrop of Sl bed along the九10sanruRiver near the loc. BII 
(Loc. 970830-6) and the micIもgraphof thin sectioned rock of the Sl bed 
A: Outcrop of the S 1 bed. 
B: Silicified rock (black in color) surrounded by unsilicified sandstone. 
C， D:Micrograph of thin-sectioned rock of S 1 bed (No. 970731-11-1)， showing agatized 
structure and charcoal pat‘ticles. C: the upper part of the S 1 bed.お:the lower part of it. 
Scale bars = 100μm. 
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Fig. 32. View of the the 2nd cycle of the upper part in the Rube-no-sawa and the 
お1.osanruRiver and micrograph of S2 bed rock (routes 11， IV). 
A， B:Scoria rich sandstone containing silicified logs in the Mosanru River (Loc. and specimen 
no. 970609ーの.B: Micrograph of A， showing scoria. C: Slightly deformed silicified log 
at the loc. BII in theルlosanruRiver健(Loc.970609-4ラspecimenno. 96103ト2ト
D， E:Micr勾ographof thin畑sectionedrock of the upper part of the S2 bed in the Rube剛no-sawa
(No. 970802-1). D = the upper part of the S2 bed，五=the lower part of it. 
Scale bars: B， D， Eロ 100μ111，亡=Icm司 Arrowheads = drifted logs 
; i 
f 54 bed 
e 200 cm 
~ 1 
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Tuffaceous sandstone 
=ー一一二二一 Lignite 
Fig. 33. Outcrop at Itoge-no・taki(route III) in the Rube-no・sawa.
A: S3 and S4 bed5， and sampling points， showing in the right. 
B: The rl1gged structure of the S3 bed and l1ndel勺lingtuffaceous sandstone and lignite. 
Fig. 34. View of study sites and close up S3 bed in the Nendか zawa(route VII). 
A: Abundant of silicified rocks (Loc. 970605-2). 
B， C:Surface of the silicified rock containg plant fragments (Loc. 970605-5). C: The upper 
pm1 of the S3 bed， showing pm溜'ellaminatted structure. 。:Tuffaceous sandstone containing charcoallogs (Loc. 970605-4)‘ 
Fig. 35. Close up and micrographs of S3 bed and lignitic rocks containing plant 
parts near Hayakawa・bashi，locs. C and D， inand around the Rube-no・sawa
and the Nayoro River. 
A， B: Close up of S3 bed rock， showing paraJlel laminated structure 
(A: at loc. D， No.961031:-にB:at loc. C， No. 930824). 
C: Lignite bed underlying S3 bed at Itoge引かtaki(No. 980705・L).
D: Micrograph of thin section of Jignite， underlying S 1 bed， near Hayakawa七ashiin Nayoro 
River (Loc. and specimen no. 97073ト11-1， route I). Scale bar・s:A， B = 1 cm， D = 100μm. 
Fig. 36. Micrographs showing varieties of quartz and plant organs in thin-sections 
of S3 bed rocks at Itoge-no・taki.
A， B:Lower part of S3 bed rocks. A: Large crystaline quartz grains filing lIP inside of plant organ 
(No.940814・0).B: Large cryslaline quartz grains positioning olltside of plant fragments 
(No. 980705-S3-a) 
C， D: Middle part of S3 bed rocks. Palisadal chaJcedonIc qllartz veins cl1tting through plant 
fragments (Nos. C = 980705-S3-c， D = 980705-S3-d)ー
E， F: Well p.'eserved organs possessing half of the volume (E， lower part of S3 bed rocks， No. 
980705・S3-a;F， upper part of it， No. 980705-S3-e). Scale bars: A-D = 200μm， E，F= 1 
m打1
Fig. 37. Micrographs of thin-sections of S3 and S4 bed rocks at Itoge-no・taki.
A: Pol1en grain from S4 bed rock (No. 95061501A). 
B: Very fine-grained S4 bed rock (No. 95061501A). 
C-E: Quartz veins enclosed plant fragments of S3 bed rock (No. 95061501 C). 
Scale bars: A = 50μm， B-E= 100μm. 
Fig. 37. Micrographs of thin-sections of 83 and 84 bed rocks at Itoge-no・taki.
A: PolJen grain from 54 bed rock (No. 95061501A). 
B: Very fine-grained 54 bed rock (No. 95061501A). 
C-E: Quartz veins enc10sed p1ant fragments of 53 bed rock (No. 95061501C). 
Scale bars: A = 50μm， B-E= 100μm. 
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Fig. 38. Illustrations of silicified plant parts from S3 bed rocks. 
A: Long and wide quar也veinsrunning thruough the rock， avoid plant parts 
(No. 903001 PDt#l， peel material). 
s， C:Silicified plant parts surrounded by calcedonic quartz veins (No. 95061501C). 
Red arrow heads， plant pa口s;black， calcedonic veins; green， quartz. 
S5 S7 
Fig.39.hficrographs of thin-sections of S5and S7bed rocks (route IV)，showing 
fining upward grading and compressed and charcoal plant fragments. 
A，B:S5bed rock (No.96092844).A and B taken fl-Om the upper and lower parts， 
respectively. 
C-E: S7 bed rock (No. 960928-49). C， D and E taken from the upper， middle and lower 
parts， respectively. D': Sketch of D. Scale bar (al figures as same as A) = 100μm. 
Arrow heads = compressed plant parts. 
Fig. 40. Outcrops of the Sanru Lava (route VII). 
A: Rhyolitic lava near the Nendo-zawa (Loc. 961031-3). 
B: Flow layers ofrhyolitic lava(Loc. 961031-4). 
C: Almost vertical f10w layers (Loc. 961031-5). 
D: 1設ミi記1討iolit匂eshowing the sphe引r綱1叫"t
Rose向 ram 時匂
Silicified wood localities 
Upper 0 
Fig. 41. Grain size of conglomerates and orientations of the longitudinal axis of 
drifted logs in the Kosei伊bashiconglomerates， Ninohashi conglomerates 
and 2nd cycle of the upper part along the Nayoro River and Sanru River. 
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Fig. 42. Bouguer anomaries in and around the Shimokawa region. 
Bouguer anomaries based on出eNOlmal Gravity Formula with contour interva)s of 5 
milligaIs (Modified from Yamaguchi， etal.， 1990; Oka， 1994). 
Table 1 Records of Tertiary silicified plants except for petrified wood 
??
??
?
?
?
?
?
??
? ?
?
?
age localities 
L-M Miocene狂okkaido，Japan 
references 
Matsumo給 etal .， 1994 
Matsumoto et al 
organs and species 
leaf， Picea nakauchu 
leaf， Tsugαshimokawensis 
" IMatsumoto et al .， 1997a leaf， cones， Glyptostrobus rubensawaensis 
IMatsumoto et al .， 1997b seed， Decodon mosanruensis 
Vergin Valley L-M Miocene Nevada， USA Iむrabtee，1983 cone， Picea wo静i
Powell Cou町 OIigocene MOI慌3託tm
恥f必il口i診杭fに， 1970 cone， Piceα diettertiana 
Princeton chert Eocene 
h1iI1er， 1989 
加納Columbia，Ca凶 alMill民 1973
Robinson & Person， 1973 
Basinger &まothwell，1977 
Basinger， 1981 
Cevallos-FerIz & Stockey， 1988 a，b 
Erwin & Stockey， 1989，90， 91a， b， c 
Stockey，etal ，. 1997 
Amold，1945 
" 
" 
" 事?
Clamo Fm. " Oregon， USA 
を奪 き'
Scott， 1954 
Dennis， 1954 
Amold & Daugherty 1963 
Amold & Daugherty， 1964 
23問 wn，1975
Ting， 1972 
Ting&註alT，1976 
" 
" 
"si1icified peat bed" Paleocene North Dakota， USA 
t 11 t 
百oalbasins" Tertiary British Columbia， CanadalBoneham， 1968 
E， Early; Fm， Formation;しLate;しM，Late Middle 
cone， Picea eichhornii 
cone， Pinus 
sεmiaquatic dicotyledon 
unknown taxa (Decodon ) 
leaf， Aイetasequoamilleri 
fruit & seed， Decodon， Keratosperma 
some species: Sapindaceous flower etc . 
Lemnaceaβ 
fem， Osmundaceaβ 
fruit & seed 
cytogamic plants 
fem， Acrostichum 
dennstaedtioid fem 
3tems， Equisetwn clarnoi 
conifer seed? & fem 
foliagβ 
守
⑨ c 
⑧ 
⑧c 
@ 
⑧ Q 
⑧ c 
⑧ c 
12.9m 
32.8m 
95.6m 
65.7m11m 
Locality Shimokawa silicified rocks 
Hokkaido， Japan 
Age Middle Miocene 
b 
c 
d 
d 
Rhynie Chert 
Scotland 
Late Devonian 
(Kidston and Lang，1917) 
ーー.
Legend 
鹿沼volcanicrocks 
cコcoal
.sil山 yer .. 
Cコsiltstone
底コsandstoneor mudstone 
containing carbonaceous 
plant remains 
cコsandstone
c:a conglomerate 
b : containing broken 0叫
plant remains 
c : containing compressed 
plant remains 
d : containing decomposed 
plant remains 
ロb即凶ωs討d訓i白削ωli恥lici Eコw: washed out 
C:J i : inSltu 
composed of more than 30 layers of 
chert， coal and shale. 
(9 chert layers are relatively broad and each 
separated by thick (> 1 Ocm) coal layers.) 
1100m 
Princeton Chert 
British Columbia， Canada 
Middle Eocene 
(Shaw， 1952: HiIs， 1962) 
Fig.43.Comprison with other silicified plant bearing 
localities: Rhynie 'chert'， Scotland from the late 
Devonian and Princeton 'chert， British Columbia， 
Canada from the Middle Eocene. 
Arrow heads (red) = finding well preserved plant parts 
Fig.44.hficrographs of comparison with three well-preserved plants. 
A:Permineralized cone fl-Om the S3bed in the MosarIm Formation，SMIT10kawa 
(No. 94081403， peel specimen) 
B: Perrnineralized seed frorn the 15th or 16th (?) bed in the Allenby Formation， Princeton， BC， 
Canada (Middle Eocene) (No. 990804， thin section). 
C: Pelmineralized stern from the Rhynie， ScotIand， GB (Devonian). (photo from the text figure 
8.16， inTaylor and Taylor， 1993). Scale bars : A， C = 400μm， B = 200μm. 
Table 2 : Comparison with features of the silicified layers 
Locs. Shimokawa Princeton 
Author this study Basinger， 1981 
Nos. of siIicified layers 7 49 
Nos. of beds including S3 bed 15 bed 
wel1-preserved ~nts l_2)_an t _Q~lts ~nt parts 
Ranges of thickness 30-200 crn く50cm
Textural classes half of organic intermediate 
Sedimentary structure partiaIly pal叫lellarninaロlaSSlve
Porosity high to low high 
Grain size fine to coarse fine to medium 
Depositional environrnents nearly in situ -transfer nearly i1'l situ -in situ 
other features accornpanied lignite bed accompanied lignite bec 
Table3 :Distribution of species and genera of the Mosanru f10ra 
Puts Lowcr 1 Upper 
MemberandHodzon I KOl>e i -13Al~ili cglNi cg 1nd cyclel S3 本S3
Localities 1 AJ 1 AlI 1 BI 1 sl， 81111 C ! D ~ E ~ F 1 G H 
Taxa and organs Petrified woods 1 Silicifiedplant parts 
Osmllllda sp 刊 rhizome 1 -1 -1 -1 -1 4~ ・~ - ~ 81 +ー
・ . ・
O. CIlllamOmea • t'hizome 1 -1 -1 -1 -1 -l -1 -1 ・+ ・・ . • 
Glyptostrobus 1 1 1 1 1 ; 
: 
wood (Taxodioxylen ) 1 14 (6)1 10 (2)1 ) 21 8 151 3; -1 -j -1 + + 
shootandsmalltwig 1 101 11 1 3 401 45; >100j -1 -1 - + 
leaf 1 -1 - ・ >100l >501 >50! >101 + + 
cone 1 -1 -1 .1 -1 321 251 - ~ -1 - + 
pol1en cone 1 -1 -1 -1 -1 31 -1 -1 -1 - -
Picea I I I I I l 1 
P. nakauchi， leaf 1 - ・ー >5001 >100; >501 10 
P. SD.1. cone 1 -1 - ・ 2 1 唱~ - ~ 2 "'1， 
P. sp.2， cone 1 -1 - ー ・ : ぺ ・+ -
P. sp.3， cone 1 -1 -1 .1 -1 -; -;ペ・ +
P. sp.4，leaf 1 -1 -1 -1 -1 2[ -;・; 1 
P. sp.5，leaf 1 -1 -1 -1 -1 2[ -[ -; 21 + 
P. sp.， wood 1 - ・ ・ I 2 ・; -; -; -1 +ー
Tsuga shimokawaensis， leaf 1 - ・ ・ ・ 6; -[ペー ・
・ : : : 
Abies sp.， leaf ・・ ・ ・ 2
.-¥111爪 inf・l'uctescence、fl'litミ ー ・ : -: -1 +・
0¥(1)'11 sp・.wnod 1 -1 I () ・・
Fagu，¥' ~ I}叫 "ood 1 ・ ・ 4 -1 -[ -[ -
DCC(1d'01 IlQSall'llelSIs • secd 1 ー ー ー >50l -l -l 81 +ー
+:p陀sent，・:absent， Nj: Ninohashi， cg: conglomerates 
Loca1ities refer to figures ] 3 and 32 
* probably washed out from S3 bed 
cg: conglomerates 
bold: pelnfied tores! 
Fig. 45. Close view of plant remains in S3， and S4 bed rockふ
A: Agatized rock from 54 bed， the loc. C (No. 950615-A). 
B: Containing fern rhizome from 53 bed， the loc. F. (No. 950714Aト
C: Needle like crystal structure from 53 bed， the loc. C (No. 970603-3B). 
D: Porous structure from 53 bed， the loc. C (No. 970603・3A).
五:Palallell orientated conifer leaves and twigs from 53 bed， the loc. E (No. 970605-5). 
F: Orientated Picea cones from 53 bed， the loc. G (Nos. 950820 I A， B). 
5cale marks A-D = 8 mm， 5cale bars E， F = 8 mm 
ミ~-、.。
号も.ι ?，???
? ?
企ゐ
〆二号
~，." r:二三ア二Jご〆
事~1FJ
4 
i.，j 
. '" B 
ぐラ
〆て7
6 主.--
..司p. • ，'-
?マ寄る 1 
?託
、‘'
.?/ 
-園田園田邑
Fig. 46. Micrographs， showing several mode of occurrences of plant organs. 
A， B:Connected organs， shoot， leaf， twig of Glyptpstrobus (A: NO.9308140え
B: No.93081402)骨
C: Gathering Picea leaves (No.870 1 09). 
D: Decodon seed was entombed with roots (No. 9408140). 
E: Pollen cones of Glyptpstrobus (No. 903000). 
F: Osmunda rhizomes‘ Scale bars: A-D = 1 mm， E 2 mm. F= 1 cm. 
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Fig. 47. Petrified forest at the loc. AI in the 3rd cycle of the 張。sei-bashi
conglomerates， east of Kosei-bashi in the Nayoro River 
A，怠 D: Position of the erected woods (Loc. 99101なNos.991010 A町N);
C， E:Surface view of silicified trunks. (C =No. 99101ふC;巳=No. 991010蜘H).
Fig. 48. Petrified forest at the loc. AII in the 4th cycle of the Kosei-bashi 
con悲lomerates，between Kosei樽bashiand Mosanru-bashi， inthe Nayoro River 
A: PosItion of the erected woods (Loc. 980705; r、Jos.98070512 A-J ). 
お， C: Surface view of silicified trunks (8 = No. 980705-12A; C No. 980705-12B). 
D:Bottom view of silicified wood with bark (No. 980705-12H). 
E: Stump root peηetrated into fine muddy sandstone (民o.980705-12J). Scale bar = I cm. 
D 
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Fig. 49. Close view of silicified trunks at the loc. AI and AII 
A欄C:Taxodioxylon sp. at the loc. AI (Nos撃 A=99101m三“N，B=991010玄-F，C=ヲ91010K-H)
A: Showing coarse pumiceous sediments; B，C: Bottom view. 
D-F: OstlヲJasp. at the loc. AII (No.ヲ8070子120).
D: Surface view; E: Bottom view; F: Lateral view， showing barlくS.
Scale bars = 1 cm. Arrow heads =direction to present north 
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Fig. 50. Micrographs of thiIトsectionsof S3 bed rocks， 
showing plant parまsand sampling points 
at Itoge-no・taki
(Nos. 980705-S3-aイfromthe lower to the upper) 
a， b:leaf and cone of Glyptostrobus ; 
c， d:small twigs ofGlyptostrobus ; e:root; f: bark and twigs艶
Scale bars: a， f = 200μm; b， c-e = 100μm‘ Arrow heads = plant remains. 
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Fig. 51. Several localities from the middle-late Miocene 
floras in Hokkaido 
.: Plant assemblage is wetland taxa 
A: Plant assemblage is mountain to hill slope taxa 
E反証ities
Shimokawa 1: this stldy 
Yoshioka 2， Abura 3， Wakamatsu 4: Tanai， 1963 
Onnebetsu 5， Niupu 6: Uemura， 1991 
Shanabuchi 7， Rubeshibe 8: Tanai and SlIzuki， 1965 
Bifuka 9: Sato， 1992; Tanai et al. ) 992; Igarashi. 1993; Igan¥shi and Oka. 1993; Suzuki， 1967 
Utanobori 
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Fig. 52. Structurally well-preserved specimens in cross section， from S3 bed. 
A: Iinner structure of Piceαnakauchii leaf. 
B: Enlargement of A， showing the details of vascular bundle. 
C: Iinner structur of Tsuga shiJnok的 vαensisleaf 
(A， B--Matsumoto etどl.，1994; C--出atsumotoet al.， 1995). 
Scale bars A 200μm;B，C= 100μm. 
1: phloem; 2: mesophyll; : 3:epidennis;; 4: sclerenchyma; 5: xylem; 6: resin canal 
7: hypodermis; 8: endodermis. 
subg. OSInunda 
subg. OSInundastrum 
subg. Plenasium 
Todea 
Leptopteris 
Fig. 53・Grossmorphology of the fronds in Osmundaceae 
Osmundastrum 
Recent 
Leptopteris Group Todea Group Group 
Pleistocene 
Pliocene定
Miocene礎
Oligocene 
Eocene山
Paleocene 
Cretace ous 
Jurassic 
Triassic 
65 Ma 
.__.1_一一一一一一一一一一一一一一
O. sp. (Phipps et al.， 1998) 
250Ma ~.;一一一四一-制一…Thamnopteris Gro 
Permian 
Fig. 54. Phylogenetic reconstruction of Osmundaceae 
(modified from Miler， 1967， 1971， 1982) 
Recent data:Osmunda sp. and 0. cinnwnomea from Shimokawa， the Miocene 
O. sp. from Antarctica， the Triassic (Phipps el al.， 1998) 
O. cinnammnea from Alberta， Canada， the Cretaceous (Serbet and Rothwel， 1999) 
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。SE
/ 
品‘襲
10 O. 。ー O. 立ら 。 i O. 
speCles 話器1ぇ 18DO持Ica lancea X εlavtoni皐註昌 nathorstii I iliaensis 
Age Recent Rec吉町E R官cent Rec君日t Recent Late Mioc臼ne late Middle 
Tertiary Pliocene Miocene 
Number of strands of stem 
xylem in an X'section 4.11 4・11 6司8 1415 7定16 Not 1718 14.18 
手ずをserv古品
N立mbをrof leaf-tr器む合S1訂昌良 i 
X.s号ctionof t話を cortex:
In抗告rcort告X 2・3 2.ヰ 1.5 4 47 Not 2 5 6-8 
Out号rcortex 5-11 5-11 11.15 16-17 7.15 pr邑served 13・5 12.18 
Point of basal forking of Inner Inn母1・ Inner Outer Petiole Petiole Outer Inner & partly 
leaf-trace protoxylem cortex cortex cortex cortex base base cortex outer cortex 
Nature of thick'walled 
fibers in sc1♀renchyma ring 
。fp号tiolebase at positions 
indicat号dbelow: 
Point of attachm記抗tof Aる呈xial Abaxial Abaxial jえるaxial A己主xial Un主now毘 Ab詩文ial Un註nown
P号tiolξtos役立1 呂rch 品rch arch arch arch arch 
Slightly above point of 
attachm号ntof petiole Lateral Lateral Lateral Abaxial Lat君ral Unknown υnknown Unknown 
to stem masses masses masses arch 町lasses
Midway between poin t 
。fattachment and top Adaxial Adaxial Ad呂xial Abaxial Lateral Lateral Unk丹own Abaxial 
。fstipular r君glon strip stnp stnp arch 話lasses mass在S stnp 
Top of stipular regi合n Adaxial Ad語文i語i Ad器Xl呂i Later昌i しatをral Unknown A話器xial Abaxial 
stnp stnp stnp 荘lasses massをS 註rch stnp 
Just above sti手ul設γ Adaxi呂i Adaxial Adaxial Later呂i Lat♀r昌i U自主nown U民主nown Almost 
rξglOn stnp stnp stn担 masses masses absent 
. Data other th~n for 0 shimok8wae立sisfrom Miller (1982) 
Table 4. Comp川.isonwith fossil and extant species of subg. Osmunda 
Data other than for Osmunda sp. fr011 Miller (1982). 
♀ー 。 。
W吉hrii or吾輩タ良部SlS 民ぷ説fL
Early Eoc日日日 Paleoc邑ne
Miocene 
12 14 1620 ?今12
2・3 0-2 1.3 
10 13 15 6・10
Outer Inner In抗er
cortex cortex cortJきX
Abaxial Abaxial Abaxial 
現rch arch arch 
Abaxial Abaxial Abaxial 
品rch arch arch 
Ab昌xial Abaxial A話器支i器i
語rch 昌rch 器ず立ち
AむaXI昌i Abaxial 
mass悲$ arch 品rch
Unknown Lateral Lateral 
masses masses 
Fig. 56. Surface view and transverse sections 
of rhizomes of Osmunda sp. 
A: SUlface view 
B-G: Transverse sections 
~ 吋知‘句・h 同輔州開幽閉』ーー同阿川岬- 今 一唱、、同
D， E:Dictyoxylic protostele. Cross section of Petiole 3 . 
E: Enlargement of D‘ 1， thic匙walledfibers (A， outer ring; B， inner ring) 
F:Schb-e11cilyInato115cells inpetiole-2，thin wailed fiberち
G: Schem主計c-drawine: of • ~， ~tipular region 
わ.+:_，，1~.. ..~~:~_" 4， lateral m錨$総largesized sclerenchyma the top part of petiole and stipular regions. ~' 5， dotted sclerenchyma 
(other than C: No. NSM♂Pl0341A， c:No. 870149) 
Scale bars: A = 2 mm， B = 3 mm警C= 5 mm， D = 300μm， E = 100μm， F 200μm. 
Fig. 57. Transverse sections of予etioletrace departure and 
histological changes of Osmunda sp. 
A.F: A: Central part of rhizome;日 Cetnralto outer part of rhizomes: E: Enlargement ( 
(No.NSM♂P I0341A.). Scale bars: A剛D令F=2mm，Eコ 1mm. 
Fig. 58. Transverse sections of histological features in stipular region 
of petiole base of Osmunda sp. 
Fig. 
A-D: COltical sclerenchyma and sclenchyma mass in lower stipular region (No. NSM-
PP I0341A). D: Lateral masses of large sized sclerenchyma. 
Scale bars 1 mm. 
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59. Semi-schematic drawing of transverse sections of OS1nunda 
from the basal position to top of stipular region 
1， 2:Base at point of attachment of stem. 
3: Midway between base and middle of sti戸larreg削・
4，5: Midway between middle and top of stipulm・r詑識芯eg忠IOn.
6，7: At州 top of 均 uポ必ω蜘i弘凶加aω釘r悶.r 
sp.， 
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Fig. 60. Comparison with petiolar patteris in Osmunda CI1Ulαmomea using 
semi-diagrammatic figures (Other than Simokawa species are modified from 
Hewitson， 1962 and Mi lIer， 1967， 1971). 
A， B: Transverse sections of rhizomes of O. cinnαm.omeα. A: O. CInnαmmOT1eαfrom 
Simokawa， B-extant species. 
C: O. precinnamomeαfrom the Paleocene， North Dakota; 0. cinnamomea from the Miocene， 
Shimokawa， and from recent. 
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Fig. 61. Transverse sections of rhizomes of Osmullda CillllamOmea 
(No.94081405). 
A: Showing the central part of rhizome.話:Showing the outer part of the rhizome. 
C: View of the inner part of the petioJe. D: EnJargement of C. 
Sca心leba似rs:A， Bロ5mm， C=250μm， D = 100μ1T1. 
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Fig. 62. Transverse section of rhizomes of Osmundα cinnαmomeα 
(No. 94081405). 
A珊D:Showing the middle to outer part of the rhizome. Scale bars :; 0.5 mm. 
Table 5 Salient features of rhizomes of subgenus Osmund.αstrwn 
;0恥 precmnam0111何事事
Palec 
;North Dakota， USA 
3吋 7
j 0. cinnamomeα* 
Recent 
O. cinnamomeα牢*
Mio判 iocene?
0. cinnαmomea 
L-M Miocene 
盟問les
Age 
Localities 
??
?
? ???
…??
?
… ?
?
??
?
???Washington， USA 
12 14 
Shimokawa 
??No. strantds of stem xylem in an X“section 
No. leaf-traces in an Xωsection of the cortex 
4-5 
6-9 
10 -150 
4 -12 
15 
18 -240 
7 
9 
9 -12 
]60 
6 ] 1 
10 
10句 180
Inner cortex 
Outer cortex 
??? ?Angle of leaf-trace divergence 
制ト
糊ト
十
not visible 
聞ト
聞ト
十
Internal endodermis 
Strands of fibers axillary to leaf-trace 
Strands of thick-walled fibers in sclerenchyma 
3 
many 
3 
few 
3 
few 
ring of petiole base 
Strands of fibers in stipular eχpansJOns 
本:Data from Hewitson (1962);家事:Data from Miller (1967) 
牢中本長。rea，Masachusetts， Mississippi， New Hampshire， Thailand 
3 
few 
Table 6 : A Iistof extnat species of Picea used for comparison with fossil 
P.どlbies Mikasa. Hokkaido Asakawa 
P. abies Shimokawa， Hokkaido Matsumoto & Furuya 
P. alcoquiαna Asakawa， Exp. Forest， Tokyo Matsumoto 
P.ωperata ? Miller 
P. chihuahuanαNevada， USA Matsumoto & Furuya 
P. glauca Sapporo， FFPRI， Hokkaido Matsumoto 
P. koyamai Asakawa， Exp. Forest， Tokyo Matsumoto 
P. koyαmai Yatsugatake， Nagano Momohara， S.Ohsawa & Nirei 
P. torano Yatsugatake， Nagano Momohar孔 S.OhsawaまNirei
P. torano Asakawa， Exp. Forest， Tokyo Matsumoto 
P. wilsonii Asakawa， Exp. Forest， Tokyo Matsumoto 
P. wilsonii Sapporo， FFPRI， Hokkaido Matsumoto 
Ser‘Rubentes IP. glehnii Shimokawa， Hokkaido Matsumoto & Furuya 
P. glehnii As北awa，Exp.ドorest，Tokyo Matsumoto 
P‘glehnii Sapporo， FFPRI， Hokkaido Matsumoto 
P.mαrIana Asakawa， Exp.ドorest，Tokyo Matsumoto 
P. rubens Asakawa， Exp. Forest， Tokyo Matsumoto 
P. brac/:ηηla Asakawa， Exp. Foτest， Tokyo M之Hsumoto
P. breweriana Nevada， USA Matsumoto & A. Furuya 
P. omorica Asakawa， Exp. Forest司TokyoMatsumoto 
'Se-ct.で両日f-一一一四一一一伊77A5613丘一一一吋叩叩刊日一叩一一-yubarC註ukk-ald-o一一一一一一一--ASakaぷよ
P. jezoensis Shimokawa， Hokkaido Matsumoto & Furuya 
Subsect. Sitchenses I P. likiαngensis v込r.montigena マ MiI巳I
P. pllrplfrea Asakawa， Exp. Forest， Tokyo Matsumoto 
P. sitchensis Sapporo， FFPRI，粍okkaido Matsumoto 
訟のsect.PlIngellfes IP肇とngelmanii California， USA Matsumoto & Furuya 
P. engelmanii ssp.mexical1αCalifornia，むSA Matsumoto & Furuya 
P. pungens Sapporo， FFPRI， Hokkaido Matsumoto 
Asakawa Exp. Forest: Asakawa Experimental Forest， Foresty and Forest Products Research Institute 
Sapporo司 FFPRI:Hokkaido Research Center， Forestry and Forest Products Research Institute、Sapporo
??
?
?
?
?
??
『
? ? ??
???????」????
?
?
?
???
?
???
?
?
??
?? ?
Subsect. Picea 
Selτ. Picea 
Subsect. Omoricae 
Species Locality Collector 
Table ，7 Salient features of fossil and extant cones in the genus Picea 
specles Age Locality cone length cone diam. index scale sc. in pith max. no. of rc. in vascular 
(cm)-(a) (cm)べb) aIb apex rc. scale sc. cylinder ofaxiち
P. sp.1 レMMiocene Shimokawa 7.0“8.5 2.5-3.4 2.6 woody 4 
P . sp.2 L-M Miocene Shimokawa 3.0-4.5 l怠む 2.0 woody 4嶋 8 
P . sp.3 L誌はioceneShimokawa 3.0 I.J 1.3 2.5 papery ? 6 ワ
P. wo(fei し羽 MioceneNevada， USA 5.0-8.0 J .5-2.0 3.7 woody 制ト 2 ranう
P. diettertiαna Oligocene Montana‘USA 5.0-5.8 1.6-1.8 3ユ woody 2 rare 
P. eichhornii ? E Oligocene Washingto九日SA >5.5 2.5-3.5 1.8 papery 22 rare 
P陪 abies Recent EUl・asia 6.0ω15.0 2衆子4.0 3.2 woody (ー〉 4 (5) (+) 
P. asperatα Recent SE Asia 6.0-12.0 3.0-4.0 2.6 woody 守 2 
P. chilnw!zu(!/(/ Recent Mexico 10.0-14.0 4.0-5‘。 2.7 woody 4 十
P. glauca Recent North America 3.0-6.0 1.5-2.5 2.3 woody (白) 3(5) 内(-)
P. kovwl1ai Recent Japan ヰーか9.0 2.子3.5 ユ2 woody 6 
P. tOrclllO 長ecent Japan 8.0-10.0 4.0-7.0 1.6 woody ヲ 4 
P. wilsonii Recent China 5.0四8.0 2.5吋3.5 2.3 woody (う 2 rare 
P盤 glehnii 長ecent Hokkaido， Sakhalin 3.5-8.5 2.5-3‘8 3.8 woody 2 
P.mピlriピ1I1どt Recent North America 2-3.5 1.5-2.0 1.6 woody (ーう 6 (6) 十(ゃ)
P. ruhens Recent Easten NA 2.5-5.0 1.8-3.5 ト4 woody {ーー〉 10(13) 十(う
P. brachvtvla Recent Asia 6‘0-10.0 3.0-4.0 2.3 woody 2 
P. brれvenαIUl Recent Western NA 8.0ω12.0 3.0-4.0 2.9 woody (+) 4(め (ra詑)
一ー 一一一一一一一一 一一一一一一 一一一一一 .仇 一一一一一一一一一一一一一一一時一一一一司
P.jeζoεれsis Recent JapanラEEurasia 4.0-7.0 2.0匂3.5 3.8 p込lpery 2 
P. likiangensis var. Recent SE Asia 7.0-1 2.0 3.5-5.0 之.2 papery ? 
P‘sitchensis 設ecent 玖!esternNA 5.0-9.0 2.0聞3布。 2.8 papery (“) 2 (2) + (rare) 
P. engellll(/llii Recent Western NA 3.0“6.0 2.0“2.5 2.0 papery (ー) ヰ(4) 叩(-)
P. engelmanii ssp. Recent Western NA 3.0】6.0 2.0-2.5 2.0 papery 守 6 + 
P. Recent Western NA 5.0-8.0 3.0-4.5 1.7 …ト
( ):data from Crabu芯e( 1983); NA， North America; SE， Southωeastern 
E， Early; L， Late; M， Middle; 1・C，I・esinct.lnal; sc sclerenchyma 
Table 診 九1orphologicalnotes of Piceαleaves 
Species Portion of two Diametel・.ofNumber of Number of cells Nllmber of cells Diameler of 
layered hypodermis rc (μm) epithelial cells of phloem fiber of endodermis endodermis (μm) 
P. nakωu.:hi ab， around rc 20-35 6崎 10 5-15 15“24 260-380 
P. sp.4 no 150“250 15叩20 5-7 12削 16 320-370 
P. sp. 5 ad 130-180 10叩 13 5-7 12-16 180-280 
P:abies ab，ad 95-105 14-19 16‘18 220-250 
P. alcoquiど111α ab， around rc 50ω60 8-12 4-7 14-15 250-260 
P. g/el11li ab 130ω140 16-18 4-6 16聞 18 250-260 
P. kovamai ab， around rc， (ad勺 35-75 ふ12 4-16 15-27 220-460 
P.l17αximowiczii ab 70-90 7-11 ふ10 14-16 200削240
P.pungens ab，aせ 65制75 12-14 5-7 22-25 240-250 
P. shiras正nvae ab， around rc， (ad勺 30“75 8“13 6句 13 19-30 270-370 
P. smith凶12a ab. around rc 22-35 6-8 6-7 iふ15 250-260 
P. torano ad 65-90 13 10“16 20-22 330-420 
Modified from Matsllmoto et al .， 1994 
キ:rarely present in thick leaves 
ab: abaxial， ad: adaxial， Iじ resincanal 
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Fig. 63. Transverse and longitudinal view of Picea sp. 1 
A， A': Transverse sections of cone and leaves (No. 940720). A': Semi-schematic drawing of A. 
B， C:Middle and upper parts of cone in transverse section (No. 870109). 
D， D': Longitudinal sections， showing individual bract-scale (Nos. 8806280 l-Ieft， 88062802-
right). D': Semi-schematic drawing of D. 
c: cortex， 1: leaf， p:pith， s:scale. Scale bar: A = 1 cm 
Fi琴.64. Transverse and longitudinal sections of cones of Picea sp. 1 based on 
both peel and thin-sections 
A， B:Transverse sections of cones， Aωmiddle part， B-upper part. 
C， D:Longitudinal sections of cone今 c-middle part，工〉ωbasalpart. 
E， F:Longitudinal sections of scale， E-at base， F-at apex. 
G: Transverse section ofaxis. (A， B， E， F= No. 940720; C， D， G = No. 870109)) 
c， cortex; p， pith; r， resIn canal; s， scale. Scale bars : A“D = 5 mm， F = I mm， G = 0.5 mm. 
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Fig. 65. Transverse and longitudinal sections of cones of Picea sp.l (No. 870 I 09). 
A: Longitudinal section ofaxis. s， C==τransverse sections of scale at basal part. 
日:τl溜1sversesecition near the axis， showing resin canals. 
E-G: Transvel・sesection of scale from the apex to middle part. 
bt， bract trace; c， cortex; p， p戸it出h;けi
vs札， vascula勾rstrand. Scale bars: A，お， E-G = 500μm， C 200μm， D =400μm. 
C 
Fig. 66. Semi-schematic drawing of transverse sections of 
Picea sp. 1， P.sp. 2 and P. sp. 3 
A: Picea sp. 1 (No. 940720A)， B: P. sp. 2 (No. 9508210CII)， c:P. sp. 3 (No. 9508201P-l). 
c: cortex， ir:interseminal ridge， p:pith， r:resin canal， s:scale， sc: sclerenchyma， sd: seed， st:scale 
trace， vc: vascular strand， w: wing. 
Scale bars: A = 2 mm， B，C = 1 mm. 
resin canal 
C 
.心~~ A:P 川 ls川川 ，B: P. k向のα山仰11叩l{
o 0イ心¥ F:P.r山 ns， G: P. gl州iω川υ仇IlIl川川tμi.H:P ω 川 tげ … kα 
0¥ J: P. hre¥Verialla ， K: P. pllrpllrea 
、'¥Sca印山 bars:A=C=E=F=H=K， B， D=H=I， Ga州l日1e叩 a叫1Iω01mm 
‘ 
Fig. 67. Semi-schematic drawing of distribution patterns of resin 
canals and vascular strands in scale middle of extant Picea 
cones. 
Table 9 Distribution of resin canals in scale middle of fossil and extant Picea 
Sect -subsect -series Shimokawa fossils P-P-P P-P-P P-P-P P-P-P 
Portion / Species P. sp.l P. sp.2 P. sp.3 P. wilsonii P. kovαmai P. torα'10 P.αbies 
abaxial part + ++ + 
inter vascular strands + + + + + ++ 
adaxial pmt ++ + ++ + 
P-P-P: Picea-Picea-Picea ， P-P-R: Picea-Piceα-Rubens ， P-O: Picea-Omorika ， C-S: Casicta-Sitchenses 
Sect -su bsect -series P-P-R P-P-R P-P-R P-O P-O P-O C-S 
Species P. mariana P. rubens P. glehnii P. brachytyla P. omorika P. breweriana P. purpureα 
abaxial part + + + 
inter vascular strands + + + + ++ 
adaxial part + + + + + ++ 
ヨ put~ 142!・ト'v' =  ( ' d s  'd: O  p uu  J  ‘ 14~!1 JO 410 q ・9. '.I ;:}lU;:}J pu\~ lj;:}1陶'v' = Z  ・d s 1) J : J ! d  
o  =  => =  8  :s.mq ~1"p.JS 'PddS :ps 
・(Zd Z O Z 8 0 C 6 = ヨ ‘H - Z O Z 8 0 C 6 =  a‘D - Z O Z 8 0 C 6  = コ'SON) SlI O !l:);l S  1即 Iprll12110j :と1 - 3
・ (.I~爪OI - XOZ80Ç6 ‘lJ;;l ( ・Idddn- a - O Z 8 0 c 6  'l j2!.1 .I:J d d n--=>-OZ80C6 =  9. :14
g
!・I
一 Id 寸 O Z O Z 8 0 C 6 ‘・ l;:}lU:J J--8-1 0 Z 8 0 C 6 ‘l.pI- V -1O Z 8 0 C 6  =  'v' 's o N )  SUO!lJdS ;:}S.l dASlI RIJ_ :g ‘V  
E - ds -d  p ue  z -d S  U 931d  J o  saU 0 3 3 0  SU0113 a s  IB111PIIng E10 1  p u e as』 3 A g u e』 I，・ 8 9 ・3 ，且
Fig. 69. T r a n s v e r s e  sections of c o n e  axis of Picea sp. 2  (No. 9 5 0 8 2 0 C ) .  
A: Pith (p) ，  vascular cylinder (vc) and cortex (c)艶
話 : Primary x y l e m  strands (px). 
C: Enl紅 g e m e n t of B  showing central part of the axis. 
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Fig. 70. Transverse and longitudinal sections of Piceαs予.2. 
A， B:Transverse sections of central part (No. 950820 l-A). B: Scale， showing resin canals 
(rc)， hypodermis (均andsclerenchyma (sc). 
C: Longitudinal section of bract (b) and scale (s)， showing two resin canals (詑〉
(No.950820トG).Scale bars: A = 1 mm; B， C:;:; 200μm. 
司圃噌圃圃・
Fig. 71. Transverse and longitudinal 
sections of Picea sp. 2. 
A， B: Longitudinal section of cone axis， showing 
cylindrical vascular supply of bract and scal巴
and resin canal incortex (No. 950820・H).
B: Enlargement of A， showing cylindrical 
vascular supply. 
C-E: Transversse sections of scale at base， showing arrangement of resin canals (rc)， vascular 
strands (v)， hypodermis (h)， and lacuna (Ia) (No. 950820 I・B).
Scale bars: A = I m， B-E = 200μm. 
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Fig. 72. Transverse sections of cone of Picea sp. 3. (N o. 9508201 P-I). 
A: Scales， showing the papery thin features， vascular cykinder and resin canals. Two seeds 
with wings (w)， nucleous wall (n)， and interseminal ridge (ir). 
B: Scale， showing vascular strands (v) and resin canals (rc). Seed coat， having three layers; 
inner (i)， middle (m) and outer (0). Scale bars: A =300μm， B = 200μm. 
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Fig. 73. Transverse and longitudinal sections of cone of Picea sp. 3 
(No. 9508201 P-l) 
A: Near the cone axis， showing four resin canals (arrow heads) entering parenchyma. 
B: Longitudinal section of cone axis， showing resin canals entering bract and scale (Arrow 
heads). Scale bars: A， C = 300μm， B = 200μm. 
Fig. 74. Transverse sections of leaves of Piceαsp.4 
(Nos. A， B: 950714AB; C-E: 870109) 
A， C:Four-faces leaf. 
B: Enlargement of A， showing resin canal and endodermis. 
D: Enlargement of C， showing resin canal. 
E: Enlargement of C， showing endodennis and vascular bund1e. 
Scale bars: A， C = 250μm; B， D， E= 100μm. 
Fig. 75. Transverse sections of Picea sp. 5 and unidentified coniferous leaves. 
A， B: Transverse section of leaf of Picea sp.5 (No. 9507 J 4AD). B: Enlargement of A， 
showIng resin canal. 
C， D: Slightly oblique transverse section of leaf of Abies sp. (No. 950714AD). 
0: Enlargement of C， showing resin canal. 
E， F:Unknown relatives (probably coniferous genera) (No 950714AB) 
F: Enlargement of E， showing vascular bundle. 
Scale bars: A， C = 250μm， B， D ， E = 100μm， F = 50μm. 
Fig. 76. Petrified wood of Piceαsp. (No. 960830-2T) 
A， B:Transverse section， showing growth rings with axial resin canals. B: Enlargement of 
A. 
C: Uniseriate rays with horizontal resin canals川 tangentialsection. 
D: Radial section， showing ray tracheid with herical thickenings 
Scale bars: A = 250μm， B， C = 100μm， D::: 50μm目
F'osil species Extant species or (comparable fossil spp. Eo Olig Mio Pli Pleist Recent 
T. sllimokawaensis (T. heterophy(la. T. sieboldii ) ネ
T. oblonga (T. heterophylla， T.cal刀linialα) * 
T. oblonga (T. helerophylla. T. carolilliana ) 
T. IOllgibracleala Nothotsuga 
?
?
?
?
?? ???
?
?
?????
?
?
…? E~egion 
Jp (Hokkaido) 
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Ranges designated by asterisk (勺註rebased註po詞 org註nd母termin畠tions，bas吉don cones， cone-scale， shoots， s詰edand leaves 
C. Cemral;丘Eastern;S， So註thern;W， Western;Jp， Japan; NA， North America 
Eo， Eocene; Olig， Oligoc窓口e;Mio， Miocene; Pli， Pliocene; Pleist. Pleis!ocene 
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Fig. 77. Transverse sections of branch wood of Tiαxodioxyloll (Glyptostrobus) sp. 
A， B:Transverse section of an axis bearing branches (No.903005A). B: Enlargement of A， 
showing resin chanal in bract-scale complex. 
C: Transverse section of an axis， showing low proportion from early to late woods 
(No. 970830-1). 
D， E:Transverse section of an axis， showing high propotion from early to late woods 
(No. 970830-2). E: Enlargement of D， showing a graduaJly change from ear匂tolate 
woods of a growth increment. 
Scale bars: A， D口 0.5mm， B， Cロ 250μm，Eぉ 100μm.
Fig. 78. Petrified wood of T.αxodioxylon sp・(Nos.A， DωE 903005幽2，B-950820W) 
A: Transverse secition， showing growth rings. 
話:Transverse section， showing deformed and decomposed cells in early wood. 
C: Tangential section， showing uniseriate rays. 
D， E:Radial section， showing ray tracheid with char双cteristic'glyptostroboid' ray-pitting. 
bordered pits and crassulae on radial waIls of tracheids. 
Scale bars: A = 250μm，B，D= 100μm， C， E:: 50μm. 
Table 11: A list of extant species of Alnus used for comparison with fossil species 
Subgenus Species Locality Collector Date 
Alnus A. hirsuta Shimokawa， Hokkaido 恥latsumoto *960523 
A. hirsuta Tappu， Hokkaido 恥latsumoto *950615 
A. hirsuta v. l11icrophylla HRC， Sapporo， Hokkaido Matsumoto 960531 
A. incana HRC， Sapporo， Hokkaido Matsumoto 960531 
A. matsul11urae HRC， Sapporo， Hokkaido Matsumoto 960531 
A. sibirica HRC， Sapporo， Hokkaido Matsumoto 960531 
A. tenuiJolia Taho Lake， Nevada， USA Matsumoto ド960711
A. japonica Tama Forest Sci. Garden Matsumoto 960516 
A. japonica Chiba City， Chiba Momohara 921104 
A. japonica Inba-gun， Chiba Momohara 951015 
A. serrulatooides Tama Forest Sci. Garden Matsumoto 960516 
A. glutinosa Ebetsu， Hokkaido Matsumoto 960530 
A. glutinosa HRC， Sapporo， Hokkaido Matsumoto 960531 
A. inokul11ae Ebetsu， Hokkaido Matsumoto *960530 
A. rhombiJolia UCSB，USA Matsumoto 960701 
A. rhombiJolia Taho Lake， Nevada， USA Matsumoto t.960710 
A. sinuata Taho Lake， Nevada， USA Matsumoto ド960711
Alnobetula A. pendula Tama Forest Sci. Garden Matsumoto 960516 
A. maximowiczii HRC， Sapporo， Hokkaido Matsumoto 960531 
A. sieboldii Heta， Shizuoka Matsumoto 960505 
A. sieboldii Chiba Univ.， Chiba Matsumoto 960413，415， *426 
Clethropsis A. nepalensis East Nepal Hatia Gola， Himalayas Ohashi， H. et al. *770805 
HRC: Hokkaido Research Center， For巴styand Forest Products Research Institut巴， Sapporo， lapan 
UCSB: University of California， Santa Barbara 
水:Dryed materials (in last year products) 
Table 12: Distrib踏まionof intervascular pitting， aggregat悲raysand wood p治renchymaof Alnus 
Species (number) Intervascular pitting Aggregate Wood parenchyma 
Transitional Opposite Alternate Diffuse Metatracheal Scanty Abundant 
Alnus sp.: Shimokawa S S 十 + ÷ 十
Subg. Alnus (20) S S + ゃ{ー〉 側ト + (+) 
Subg. Alnobetula (5) S + S " + + + 
Subg. Cremastogyne (1) 。 。 + + + + + 
Modefied from Furlow， 1979 
S: present， but not predominant; +: characteristically present or predominant;ペlacking;0: no data 
Table13 Comparison with the number of vascular bundles of bract 
and wing characters of fruits in Alnus 
Subgenus Species 
Fossil Alnus sp. in apex 
Alnus sp. 
Subg. Alnus A. hirsuta in apex 
A. hirsutα 
本A.hirsutα 
A. incαna 
A. sersuta 
A. matswnurae 
A. glutinosa 
明叩叩叩ー一日開叩同一一 叩 ー一一一四日一一 四』ー
Subg. Alnobetula A. sieboldii 
ネA.sieboldii 
A.mαximowiczii 
A.mαχimowiczii 
一時明白一一一叩町一一ー担問 ーー『叩叩一一ー一 ー『叩
Subg. Clethropsis A.れεpαlensis
*: Dryed materials (in last year product) 
vb: vascular bundle 
Numbers ofvb 
in adaxial in abaxial 
6-9 3“8 
4-6 1-3 
尋問6 6-8 
4ωg 1-3 
4-6 
10“18 4“9 
ふ12 1-8 
4-18 ト3
8-16 6-8 
一ー 一一 一ーー一向 同ーー一一 一ー
4-6 
10-15 4-6 
4由8 3-4 
4-6 lω3 
一 回 開叩叩戸『叩叩 l町一一一 時四』
4-6 
十
+ 
。
Fruits 
wmg 
thick 
thick 
thick 
thick 
thick 
thick 
thick 
thick 
thick 
山町一一ー
thin 
thin 
thin 
thin 
叩世田ー
thin 
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Fig. 79. Transverse and longitudinal sections of infructescence， bract， fruits， short 
shoot and small branch of Alnus sp. (No. 950714ト
A-C: Infructescence (A: Longitudinal section， No. 950714-1， B: Transverse section， No. 
950714-2). C: Enlargement of A， showing bract and fruits. 
D: Short shoot of infructescence (No. 950714-4). Arrow head: Aggregate rays 
E: Small branch， showing the heartwood (No. 950714・5).
Scale bars: A， Bロ 1cm; C = 1 mm; D， E = 0.5 mm 
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Fig. 80. Semi-schematic drawin諺of技lelongitudinal and transversal 
sections of infructescence of Alnus sp. 
A， B:Arrangement of bract， fruits and short shoot (A: No. 950714ぺ， B: No. 950714-3). 
C: Bract， showing vascular bundles， epidermis， parenchyma， sclerenchyma， xylem and 
phloem. Scales: A， B = ca. x 6; Cコca.x 50 
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sp. 
(No.950714-1) 
A-D: Transverse sections of bract， E: Longitudinal section of bract‘ 
ep， epidermis; ph， phloem; hy， hypodermis; sc， scler・enchyma;vb， vascular bundle; 
xy， xylem. Scale bars: A-C， E = 100μm， D=50μm. 
ofむractof Alnus sections and longitudinal Transverse 81. Fig. 
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Fig. 82. Arrangement of bract， fruits and short shoot of Alnus 
A， B:InfruClescnence and short shoot in the basal part. B: Enlargement of A. 
C-E: Transverse sections of fruits. (A-D: No. 950714-3， E:No. 950714-1). 
co， cotyledon; in， integument; p， periderm; sh， shoot. 
Scn1e bars， A， B = 0.5 mm， C-E = 100μ1TI. 
sp. 
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Fig. 
A. sieboldii 
A. ncpnlensis 
83. Schematic drawing of transeverse sections 
of fossil and extant bract and fruits of 
Alnus: subg. Alnus， Alnobetllla and Clethropsis. 
(from the basal position to the ap巴x)
Fig. 84. Petrified wood of Ostrya sp. (No. 980705-12B except for C). 
A-E: Transverse section. A: Showing heart wood. B: En1argement of A. C: Showing diffuse-
porous in narrow growth rings and bark (No. 980705-12G). 0: Showing growth rings， 
in which pores are concentrated in early wood and scarece in late wood. 
E: Showing sub-angular porous. 
F: Tangential section， showing narrow， mostly uniseriate and biseriate， rather tal 
homogeneous rays. 
G: Radial section， showing a homogeneous rays and simple perforation plates. 
Scale bars: A， C = 0.5mm; B， E-G = 100μm; 0 =250μm. 
Fig. 85. Petrified wood of Fagus sp. 
(No.960830-1M). 
A， B:Transverse section， showing diffuse porus wood 
with numerous narrow vessels. 
D， E:Tangential section， showing uniseriate and wide 
compound rays with narrow crystals in ray cels. 
C， F:Radial section， showing homocellular rays and 
scalariform or simple perforation plate. 
G: Large stumps of F，αgus sp. with 1.3 m in diameter. 
Scale bars: A = 250μm， B， D = 100μm，C， 
F= 50μm， E = 25μm，G= 1m. 
Fig. 86. Unidentified taxa (fungi and fern). 
A-C: Longitudinal sections of rootlet showing proliferation of probable fungi. 
B: Enlargement of A (No・A，B = 94081405D， C = 94081405E). 
D: Fern sporangia (cf.osmundα) (No. 980705S4-d). 
Scale bars: A = 300μm， B， C = 100μm， D = 0.5 mm， E = 200μm. 
Fig. 87. Unidentified reproductive organs. 
A-C: Longitudinal section of pollen cone (Pollen cone sp. 1 probably coniferous genera， 
Picea ?，No. 950714AD). B， C:Enlargernent of A. 
D:τransverse and longitudinal sections of angiosperrnous sterns and f10wer (Flower sp. 1， 
No.950714AD). 
E: Unlくnownrelatives (Flower? sp. 2， No. 950714D). 
Scale bars: A， D = 0.5 rnrn， B， C，巳ロ250μrn.
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Fig. 88. Longitudinal and transverse sections of unidentifjed seeds and fruits. 
A-C: Seed sp. 1 having th.ick th.ree integumentary layers (No.9S0714C). B， C: 
En largement of A. 
D， E:Seed sp. 2 having single layered integument (No.950714AD). E: Enlargement of D， 
F: Fruits sp. 1 (No. 903000・PF，resembles fruIts of subg. Alnobetula ). 
Scale bars: A， D = 1 mm， B， C， E = 300μm， F = 0.5 mm. 
Fig. 89. Transverse sections of angiospermous leaves and stems (unknown reJatives). 
A， B:No. 950714CblV-とC:No. 950714ADC (resembling genus Alnus ?); 
E: No. 9507 1 4DT， D， FヲG:No. 903005T. Scale bars: A， E-G = 0.5 mrn， B-D = 200μm. 
Fig. 90. Transverse sections of some aquatic plants. 
A・D:Type 1. ( A， B: No. 950714 AD註.B: Enlargement of A. C: No. 903005AH‘ 
D:封。今 950714AFH). 
E，首:Type 2. (No. 950714DH). F: Enlargement ofE. 
Scale bars: A， C， E = 0.5 mrn， B， D， E = 250μrn. 
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Fig. 91. Transverse sections of unidentified remains 
(AωD: r‘~os ，ω8701009・ 1 ， 2 ， 3 ， E: No. 950714ADcぺ， 2).
A-D: Specimens w部 entombedwith Picea nakauchii and主sugashimokawaensis leaves 
B-D: Enlargement of A. 
E: Other Specimens， showing same features. 
Scale bar・s:A = I mm， B， E = 0.5 mm， C = 250μm， D= 100μm. 
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Fig. 92. Drawing of unidentified remains (refer to Fig. 91) 
ep 
sc 
o.vb 
AωC: Nos. 8701009“1，2，3; B， C:Enlargement of A (No. 8701009-3)働
ep， epidermis; iωvb， vascular bundle in inner part; 0ωvb， vascular bundle in outer part; 
ph， phloem; sc， schlerenchyma; st， stomata ?; x， xylem. 
Scale bars: A = 5 mm， B = 1 mm， C 100μm. 
Genera 
ー句‘院司ー・邑
Sub冨enera
Species n. ・O.IliaellsIs O. oregollemIs O. plllllla u;cn 
主主
77-Mio-Pliocene Eocene Paleo叩 ne
1VI1υ 
I.No. of strands of stem 
xylem 
2. No of1eaf開tracesof the 
lnner cortex 
3. Out記rcort巴X
4. Point of basal forking 
of 1eaf-tra丘eprotoxylem 
5.Dotted sclerenchyma in 
stipu1ar region 
6院 Lateralmasses of I乳母e
sized sderenchyma in S.r. 
7. Nature of sclerenchyma 
ln oufer nng 
Genera 
Subgenera 
Species 
認さ
I.No. of strands of stem 
xylem 
2. No of leaf-traces of the 
lnner cortεx 
3. Outer cort沼X
se 
わbα
4. Point ofb制 lfo出時 Ipl側
of leaf-trace protoxylem 
5.Dotted sclerenchyma in I 1 
stipular陀gion
6. Lateral masses of large 
sized sclerenchyma in S.r. 
7‘Nature of sclerenchyma I c( 
1n outer nng 
Other than Shimokawa species (( 
s.r.: stipular retion;ペnodata 
17柑 18 16-20 7-12 
2-5 。匂2 1-3 
13働 15 15 6-10 
Outer lnner Inner 
present present present 
band band band 
continued continued continued 
Table 15: Characters used in phylogenetic analysis of 
rhizomes of Osmundlα:， Todea， and Leptopteris 
I Maximum number of strands of stem xylem in an X-section 
O~玉 11 1 >1 
2 Maximum number of leaf-traces in an X-section of the cortex: inner cortex 
O ~五 5 1>5 
3 Maximum number of leaf-traces in an X-section of the cortex: outer cortex 
0孟11 1 >11 
4 Point of basal forking of leaf-trace protoxylem 。=inner cortex 1 = outer cort怠x2 = petiole base 3 = Plenasium type 
5 Dotted sclerenchyrna in stipular 陀glOns
0= absent 1 = present 
6 Lateral masses of large sized sc!erenchyma in stipular regions 
o = absent 1 = cluster 2 = band 
7 Nature of sclerenchyma in outer ring 
0= separated 1 = continued 
Characters (except for 6): ordered 
Table 16 : Chatacter state of rhizomes in Osmundaceae 
Genera Speceis Age Character number 
Subgenera 2 3 4 5 6 7 
OS1nullda sp. M Miocene 。。2 
O. regalis Recent 。。。。 2 。
O. japollica Recent 。。。。 2 。
OS1f.u1lda O.lancea Recent 。。 。 2 。
Osmunda O. c/aytoliala Recent 。 2 。2 
O. iliaelsis Mio司Pliocene 。 2 
O. wehri E Miocene 。 2 
O. Ilathorsti L Tertiary ワ ワ ワ 2 。2 。
O. oregolelsis Eocene 。 。 2 
Q...p'!~~~!'~ι………-…-h M. P.3!??cql.…… ) ・H・..・1. ， Q … o ・ 1…“ 2 … I
O. ballksiaefolia Recent 。。。3 
O. bromeriafolia Recent 。。3 
OS1nll1zda O. javalica Recent 。。。3 
PlenQsiul1l O. vacheli Recent 。。。3 
O. dowkeri E-L Eocene 3 
O. amoldi Paleocene 。。3 
Leptopteris L. superbα Recent 。。。。
Todea T. barbara Recent 。。。。 。
O. cimlamomea (Shi) Miocene 。 。 。
Osmunda O. cI1mamomea Recent 。
Osmundastrum O. cumamomea (Wa) Miocene 。
O.p竺cillllamOmea Paleocene 。。。 。
E， Early; L， Late; M， Middle. Shi， Shimokawa; Wa， Washington 
O. cinnαmomea (Subg.Osmu帥 lstrum) 
Todeα 
Leptopteris 
O. claytoniana (Subg. Osmundas仰 m ) 
O. japonica， O.lωcω-1 
O. reg，αlis 
O. vαchellii 
-・圃・圃- O.j，αvαnicα 
O. banksiαefolia 
O. bromeliaそfolia
Fig. 95: Backbone constraint tree based on the consensus 
tree of the nucleotide sequence and morphological 
cladogram (Yatabe et al.， 1999). 
i (Subg.Osmu仰)
(Subg. Plen.asium ) 
Todea 
Leptopteris 
仁O. claytoniana O. nathorstii 
O. 
O. 
O. 
O. sp. (Shimokawa) 
O. regalis 
O. japonica 
O.lancea 
O. iliaensis 
O. wehrii 
O. oregonensis 
O. pluma 
O. banksiaetolia 
O. bromeriafolia 
O. javanica 
O. vachellii 
O. arnoldii 
O. dowkeri 
precmnamomθa 
cmnamomθa (Washington) 
cinnamomea (Recent) 
cinnamomea (Shimokawa) 
Fig. 96-A Most parsimonious cladogram generated on the basis of seven 
characters of Osmuncaceae not using backbone constraint. All character states 
are rearranged by ACCTRAN optimization. 
5:1>0 
7:011 
2:0> 1 5:1 > 
2:1>0 
6:1>2 7:1 >0 
1 :0> 1 3:0>1 
1・Todea
6:1>0 
Leptopteris 
O. claytoniana 
7:1>0 
O. nathorstii 
O. banksiaefolia 
O. javanica 
O. vachellii 
O. bromeriafolia 
O. arnoldii 
O. dowkeri 
O. iliaensis 
O. wehrii 
O. sp・(Shimokawa)
O. oregonensis 
O. pluma 
O. regalis 
O. japonica 
O.lancea 
O. precinnamomea 
O. cinnamomea 
(Washington) 
O. cinnamomea 
0 ・ (Recent). cmnamomea 
(Shimokawa) 
Fig. 96-B: Most parsimonious cladogram gener瓜edon the basis of seven 
characters of Osmuncaceae using backbone constraint. All character states 
are rearranged by ACCTRAN optimization. 
Table 17 Character distribution in the cones of fosil and extant Piceα 
19 18 17 16 15 14 13 12 1 
? ??
9 8 7 6 5 4 3 2 
?
?
??
????
? ?
。。。。。。。。。。。。。。。。。。。。。。。。
scale type 
Woody scale 
Woody scale 
Papery scale 。
????
。
???
。
????
。
??????
? ? ?
。
? ? ? ?
。
? ，
?
? ?
。
??《
??
?
? ?
，?
? ?
??
?
ヲ
。
???????????????
? ? ? ? ?
PiceかOmorica
Casicta-Pungentes 
Picea sp. 1 
Piceαsp.2 
Piceαsp.3 
P. dietertiana 
P. wo{かi
P. eichhornii 
。。。。。。。。。ワ。。Picea酬Picea
Casicta -8 i tchen ses 
令Livingt以 a
P. abies 
P. jezoensis 。。。。。。。。。。。。
34 
守
守
33 32 
。。
31 
。。
30 
。
29 
。。
20 21 22 23 24 25 26 27 28 
。。
????。。。。。。
???
?
? 。。。。。。。 。。。? 。。。。。。。ワ
。
。
。。
。
守
。
。
。
。
。
。。
。
。
。
。
。
。
。。
ワ
?
?
??
? ?
?
?
?????
?
?
? ???
???
?? ??? ???
?
????
?
? ?
?
設記es
Fossil taxa 
sp.l 
sp.2 
sp.3 
Picea 
Picea 
Piceα 
p剥 dietertiana
P.wo管ei
。。。。。。。。。。。
P. eichhornii 
?????
?
?
?
?
?
?
? ?
?????
Ohsawa， 1997 
Ohsawa， 1997 。
characters refer to Ohsawa (1997)， 
。。。。。
L-M: late-middle 
。。。
Table 18 : Characters used in phylogenetic analysis of cones of Picea 
1. Maximum cone length 
O~系5cm
2.民tlaximumcone diameter 
。話2cm
2> 10 cm 10 cm 5く 1
2> 4 cm 
2=p問sent(abundant) 
3. lndex of 1/2 
。孟2
4. Nature of scale apex 
。=papery 
5. Sclerenchyma in pith 
o =absent 1 = present 
6. Maximum numちerof resin canals in scale scIerenchyma 
。=2 1 =ト5 2孟 5
7. Resin canaIs in vascular cyIinder in axis 
0=ぉabsent 1 = rare 
2>3 
2く 1喜重 4cm
3 
1 = woody 
2く 1
Table 19: Character state of cones in Picea 
Ch畠racternumber 
6 
Distribution* Species 
7 5 4 3 
。
ワ
2 
2 。
。
????。。
2 
。。
。。。J J 
WNA 
3 sp. 1 
P . sp.2 
P . sp.3 
P. wo(fei 
P. diettertiα1α 
P. 
。2 。WNA 。。。。守2 2 2 E A P. abies P. asperatα 
P. chihuahuana 。
????
守。2 2 WNA NA P. glαuca 
P. kovαmai 
P. torano 
P. wilsonii 
P. glehnii 
P. mariana 
P. rub芭ns
P. bl・achvtvla
P. breweria，託α
P. jezoensis 
P. likiαng芭nsisvar. 
P. sitchensis 
P. engelmanii 
P. engelmαni ssp. 
P.pungens 
Pinus thunbergii 
A: Asia; E: Eurasia; J: Japan; NA: North America; 
WNA: Western North America，第:Main regions 
。
2 
2 
。
2 
。
。
。。。
守。
2 。
2 
。。。
J 
J 
A 
NA 
J 
2 。
1 1 I 0 
o 0 0 0 
2 。。。。
?
????
????
?
?
。NA 
????
?? ?
A 
。
2 。
2 
守。
2 
。。。
守
。
。。
。。。
2 2 久
WNA 
WNA 
WNA 
2 
2 2 
。。。。2 WNA J 
Table 20 
Characters used in phylogenetic 
analysis of leaves of Ts uga 
(Matsumoto et al.， 1995). 
1 Leaf shape 
0=4・sided，1 =spatulate， 2 =falcate-acuminate-
obtuse 
2 Stomatal rows 
0=2・3，1=4・7，2=8・10
3 Size ofresin c釘 司副
Table 21 
Character state distribution 
in Tsuga leaves 
(Matsumoto et al.， 1995). 
Character number 
0=100+μm，l=50・100μm，2=less than 50μm 
4 Size of mesophyll 
2 345 6 7 8 
O=smaJl，l=long 
5 Occurence of hypodermis 
O=al part except stomatal， 1 =partialy present， 2= 
absent 
6 Mass of hypodermal cels at leaf margin 
O=present， 1 =absent 
7 Mesophyl between resin canal and abaxial hypoder-
n羽S
O=absent，l=present 
8 Leaf margin 
O=entire， 1 =denticulate 
7:0・>1
3: 1・>2
T. shimokawaensis 
T. mertensiana 
T. canadensis 
T. carofiniana 
T. heterophylla 
T. chinensis 
T. dumosa 
T. diversifoJia 
T. sieboJdii 
2 。 1 
2 。。
2 。。
1 。
2 2 
2 2 
2 。
2 。
T. shかnokawaensis(JPN) 
6:0・>1
1: 0・>1
5: 1・>2
• 7:0・>1
T. canadensis 
T. caroliniana 
T. chinensis 
T. dumosa 
T. diversifolia 
T. sieboldii 
T. heterophyl/a 
T. mertensiana 
(ENA) 
(ENA) 
(CHN) 
(CHN) 
(JPN) 
(JPN) 
(WNA) 
(WNA) 
。。。。。。。2 。。2 。。。 。。。。。。 。。。 。
Fig. 95. Most parsimonious cladogram generated on the basis of eight 
characters of Ts ugα. AIl character changes are unambiguously 
rearranged. This tree includes two character sites of homoplasy 
(Matsumoto et al.， 1995). ( ) tenitories of distribution: CHN， China; 
ENA， Eastern North America; JPN， Japan; WNA， Western North America. 
。。
1 
。。
ちとct.Hesperopeuce Sect. Tsuga 
立ecent
Pleistocene 
Pliocene 
事1iocene
Oligocene 
Eocene 
EミeglOns
T. mertensiana T. heterophylla T. sieboldii T. chinensis T. canαdensis 
ンヘ\ζ;豆~く豆~<玉二〉く玉〉
仁、ユノ〉
ヰ
f 志士〉五二平二〉く互〉
* 
* * 
本
牢 支'.shimokawaensis 
一一て三〉
* 
W-NA JAPAN CHINA 
Fig. 96. Suggested phylogeny of extant and fossil species of Ts uga. 
Exemplary leaves modified from Matsumoto et al円 1995
京人NA，Western North America; E-NA， Eastern NOlth America 
*: referable fossil species (see Table 12) 
E-NA 
Table 22: Characters used in phylogenetic analysis 
of polen type of Tsuga 
]: Pollen size in diameter (averrage) 
0< 70，1 >70μm 
2: Thickness of polIen cap 
Oく 6，1孟6μm
3: Thickness of marginal ridge 
0= +，1 = + or 5， 2 > '0 
4: Narbe 
o =absent， I = present 
5: Bladder 
0= two bladders， J = frilJed 
Table 23: Character state distribution 
in Tsuga polen grains 
Species Character nl1mber 
2 3 4 5 
T. mertensiana 。。 。。
T. canadensis 。 。
T. caroliniana 。。
T. heterophylla 。。。2 
T. chinensis 。 。。
T.dωnosα 。。。2 
T. diνers~foliα 2 
T sieboldii 。。
Data from Wodehol1se， 1935; Van-Campo， 1950 
lkuse， [956 
T. canadensis 
T. heterophylla 
T. dumosa 
T. diversiforia 
T. sieboldii 
T. carofiniana 
T. chinensis 
T. mertensiana 
Fig. 97. Most parsimonious cladogram generated on the basis of five 
characters of pollen of Tsugα. (Strict consensus of 3 trees) 
Table 24: Characters used in phylogenetic analysis of Tsuga based 0れgeneralmorphology 
I leaf shape 
。=4-sided， 1 = 2齢sided
2 stomata 
。=on each faces， 1= on abaxial side 
3 small Iateral shoots 
o assurgent， 1 = usualIy not assurgent 
4 leaf colour 
o指針aucoLls，1口 greenabove， whitish below 
5 size of female cone 
0= large， 1 = small (max. 4 cm long) 
6 shape of female cone 
OAAovoidωoblong to sylindrical， 1詔 ovoid-oblong subglobose 
7 margins of leaves 
o =lIsual1y entire， 1 = denticulate 
8 length of leaves 
o Iess than 2.0 mm， 1 = up to 2.5 mm 
9 leaf apex 。コロobtuse欄acutish，1 = truncate悌emarginate
10 pollen types 
0= intermediate fonns with the什ilconcentrated on two sides 
l口 aring糊shapedfri1l 
1 路 edshapes 
o cuneate， 1 = ovoid-ob1ong 
Table 25: Character state distribution in Tsugαbased on general morphology 
specles 2 
主 shirnokawαellsIs
T. mertensiClI1Cl 。。
T. canadensis 
T. carolinialla 
T. heterophylla 
T. chinensis 
T. dU/11oSιt 
T. divers!folia 
T. siebofdii 
Fig. 98. No consensus tree based 
on the 11 characters in the general 
features of Ts ugι 
(Strict consensus of 25 trees) 
3 4 5 6 7 。。。。。() 
。
。。
8 9 10 1 
() o () 。。。o 。
。
τー canadensis 
T. caro/iniana 
T. heterophylla 
T. chinensis 
Tタ dumosa 
すB diversiforia 
T. sieboldii 
T. mertensiana 
1 average seed length 
O=less than 1.0mm， l=more than l.Omm 
2 shape of seed in outline 
O=obvoid， l=ob-pyramidal 
3 thickness of outer and inner zones of inregume川
O=ollter is thicker than inner， 1 =ourer isthinner than inner 
4 angle of outline at venrral face in cross section 
O=rounded， 1 =angular 
5 valve width 。=wide，l=ne¥rrow 
6 thicknes of middle zone of integument 
O=wealくdeveloped，1 =well developed 
7 val ve shape 
O=convex，l=concave 
Table 26. Character state distribution of the seeds of Decodon and 
the out-group， Lythrum (Matsumoto et al.， 1997b). 
Character numbers Species 
。
。7 
1 
1 
6 
1 。。
1 
1 
5 
???
?
????。。
4 
1 
1 
3 
1 
1 。。
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Decodon mosanruensis 
D. allenbyensis 
D. gibbosus 
D. globosus 
D. vectensis 1 
1 
0 
1 
0 
1 
1 
1 
1 
?????。
1 
1 
0 
D. verticillatus 
Lythrum salicaria 。
Table 27. Character state distribution of the seeds of Decodon and 
the out-group， Lythrum (Matsumoto etα1.， 1997b). 
。。
D. mosanruensis 
D. allenbyensis 
D. verticillatus 
globosus 
D. gibbosus 
'D. vectensis 
-Lythrum salicaria 
Fig.99.Most parsimonious cladogram generated on the basis of seven seed 
characters of fossil and extant species of Decodon-Al character states are 
unarnbiguously rearranged (Matsurnoto et α1.， 1997b). 
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Fig. 100. Distribution map of fossil and extant species of Tsuga and the inferred 
migration routes of the genus. Fossil localities are after Miki (1941)， Tanai 
(1961)， Florin (1963)， and Faりon(1990) 
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.: : Middle殴附1e，大:Late品ωne(D. gib加5US)
@:D.mosぉtrUensis(Mi悌ne)，0: D. alaskana (Mi嶋田)
0， M， P:D. gi凶OSUSgroup， 0;Oligocene， M; Mi∞ene，P;目iocene
1， 2， 3:D. glo加SUSgroup， 1;Ohgoωne， 2;Miocene， 3;Pli蜘 ne
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Fig. 101. Distribution map of fossil and extant species of Decodon and the inferred 
migration routes of the genus. Fossil localities are after Dorofeev (1969， 
1972)，、~olfe and Tanai (1980)， Tiffney (1981)， Cevallos・Ferrizand Stockey 
(1988)， Manchester (1994) and Matsumoto et al.， (1997b). Distribution of 
extant species of Decodon verticillatus after Britton and Brown (1970). 
